Effects Of Feeding Castor Beans On  Oestrous Cycle And Subsequent Fertility Of  The Sudan Desert Ewes (Hamari) by Ibrahim, Adam
EFFECTS OF FEEDING CASTOR BEANS ON 
OESTROUS CYCLE AND SUBSEQUENT FERTILITY OF 
THE SUDAN DESERT EWES (HAMARI) 
 
By 
Adam Ibrahim ElAmin Mohammed 
B.V. Sc. U. of K .  (1982) 
M. Sc. U. of K. (1995) 
 
 
Supervised by 
Dr. Adil Salim Elsheikh 
Ph. D. Hokkaido, Japan 
 
 
 
A thesis submitted in fulfillment of the requirements of 
University of Khartoum for the doctor of philosophy in 
veterinary medicine 
Department of Reproduction and Obstetrics 
 Faculty of Veterinary Medicine 
 University of Khartoum 
 
May 2007  
 
Table of Contents 
 
 Subject Page 
 Table of Contents ii 
 List of Tables iv 
 List of Figures v 
 Declaration vi 
 Dedication vii 
 Acknowledgements viii 
 Abstract ix 
 Arabic Abstract xiii 
 INTRODUCTION 1 
 CHAPTER ONE: REVIEW OF LITERATURE 6 
1.1 Puberty 6 
1.2 Oestrous Cycle 9 
1.2.1 Length of the Oestrous Cycle 10 
1.2.2 Duration of Oestrus 10 
1.2.3 Signs of Oestrus 11 
1.2.4 Detection of Oestrus 11 
1.2.5 Progesterone Profile 12 
1.2.6 Endocrine Regulation of Oestrous Cycle 13 
1.2.7 Ovarian Steriods Control of the Preovulatory LH Surge 14 
1.3 Ovulation 16 
1.4 Corpus Luteum 17 
1.4.1 Maintenance of the Corpus Luteum 18 
1.4.2 Regression of the Corpus Luteum 18 
1.5 Prostaglandins 20 
1.6 Synchronization of Oestrus 21 
1.6.1 Hormonal Methods 22 
1.6.1.1 Prostaglandin 22 
1.6.1.2 Progestagens 23 
1.6.1.3 Progestagen and PMSG 25 
1.6.2 Nonhormonal Methods 26 
1.7 Breeding  28 
1.7.1 Breeding Practice 29 
1.7.2 Sexual Season 31 
1.8 Pregnancy Diagnosis 33 
1.9 Gestation Length 33 
1.10 Postpartum Period 34 
1.11 Fertility 35 
1.12 Castor Bean Plant (R.communis) 38 
1.12.1 Plant Chemistry 38 
1.12.2 Plant Toxicity 38 
 ii
1.12.3 Castor Beans Effects on Mammalian Reproduction  39 
CHAPTER TWO: MATERIALS AND METHODS 41 
2.1 Study Area 41 
2.2 Experimental Animals 42 
2.3 Age Determination 43 
2.4 Management 44 
2.4.1 Housing 44 
2.4.2 Health and Disease Control 44 
2.4.3 Feeding System 45 
2.4.4 Detection of Oestrus 46 
2.4.5  Synchronization of Oestrus 47 
2.5 Sample Collection and Processing 47 
2.6 Progesterone Radioimmunoassay 48 
2.6.1 Contents of P4 RIA KIT 48 
2.6.2 Assay Procedure 49 
2.6.3 Calculation of Results 50 
2.7 Experimental Procedure 51 
2.8 Statistical Analyses 53 
CHAPTER THREE: RESULTS 54 
3.1 Experiment 1 54 
3.2 Experiment 2 59 
3.3 Experiment 3 62 
3.4 Experiment 4 62 
3.5 Experiment 5 62 
3.6 Experiment 6 62 
CHAPTER FOUR: DISCUSSION 66 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 72 
A Summary 72 
B Conclusions 73 
C Recommendations 74 
REFERENCES 75 
 
 iii
LIST OF TABLES 
 
Table  Page 
 
1 Mean ±SD of P4 concentrations (ng/ml) in the 
peripheral serum of 10 ewes during the oestrous cycle. 
 
55 
2 Effects of feeding castor bean husks or decorticated 
beans on cyclic ewes. 
  
63 
3 Reproductive performance of the ewes fed castor 
beans. 
64 
 
 
 iv
LIST OF FIGURES 
 
Figure  Page
   
1 P4 profile of 10 ewes during the oestrous cycle-1. 56 
 
2 P4 profile of 10 ewes during the oestrous cycle-2. 57 
 
3 Mean P4 profile of the two oestrous cycles of 10 ewes. 58 
 
4 P4 profile of 8 cyclic ewes fed 2-4 gm castor beans (T1). 60 
 
5 P4 profile of 10 cyclic ewes fed 6-8 gm castor beans (T2). 61 
 
6 Synchronization of oestrus with PGF2α or by feeding castor beans. 65 
 
 
 v
 
 
 
 
 
 
 
 
 
 
 
 
 
DECLARATION 
 
I hereby declare that the work described in this thesis 
has not been submitted for any other degree or diploma or 
any examining body. 
 
 
 vi
 
 
 
 
 
 
 
 
 
 
 
 
 
DEDICATION 
 
To my dear wife, Saieda and my children, Ghalia, Hassan 
and Khalid whose patience and loving have inspired me to bring 
this work into reality, I dedicate this humble effort. 
 vii
Acknowledgements 
 
I wish to express duly gratitude to University of Nyala 
through Prof. Abbas Yousif Eltijani, vice chancellor of the 
University for sponsoring this study. Especial thanks are extended 
to the secretariat of Academic Affairs, the mirror that reflects 
suffering of scholars to the University, such a role is highly 
appreciated. I am also indebted to many colleagues in the Faculty 
of Veterinary Science, especially Prof. Adam H.S., Dr. Ahmed E.B. 
and Dr. Awad H.B. for their valuable assistance. 
I would like to express my sincere thanks and deep gratitude 
to my supervisor, Dr. Adil Salim Elshiekh for suggesting the 
problem and for his continuous guidance, valuable advise, 
unfailing help and constructive comments from the beginning to 
the end of this study. 
Many thanks are due to the Government of Southern Darfur 
through Dr. Bahar ElDean Salih, Ex-minister of Agriculture and 
Irrigation; Prof. Musa Tibin Musa, DG/Animal Resources Research 
Corporation; and Dr. Ahmed ElMustafa Hassan, Ex-
undersecretary/Ministry of Animal Resources and Fisheries for 
financial support. 
The assistance of Dr. Yousif H.E., Head Dept./Radioisotopes 
and Immunology/CVR Labs. Centre; Dr. Husna M.E.; Dr. Amna 
E.B.; and Mr. Farouq I. (Technician) in conducting the 
radioimmunoassay for progesterone is greatly appreciated. 
Finally, but by no means minimally, I owe much gratitude to 
Mrs. Yussra M. H. For skillfully typing the manuscript. 
 viii
ABSTRACT 
 
This study was carried out to determine the length of the oestrous 
cycle and progesterone (P4) profile during the oestrous cycle of the Sudan 
Desert ewes (Hamari) and to investigate  effects of feeding castor beans 
on the oestrous cycle and subsequent fertility of the treated ewes.  
Experiment 1 was conducted to determine the length of the oestrous 
cycle and  P4 profile during the cycle. Ten cyclic Hamari ewes were 
monitored throughout two natural oestrous cycles, using  teaser rams. 
Blood samples were collected from the jugular veins at 48 hr intervals, 
starting from the onset of oestrus as detected by the teaser rams, 9 
samples were collected from each ewe during each cycle. Blood serum 
was removed and stored at-20°C until assayed for the P4 concentrations. 
Results of this experiment showed that the mean length of the oestrous 
cycle in the Hamari ewes was 16.5 ± 1.4 days, with a duration of oestrus 
of about 25 hr. The mean P4 concentration in the peripheral serum of the 
ewes was lowest on day 0 (0.11 ± 0.01 ng/ml), with a small increase 
occurring through day 4 (0.35 ± 0.03 ng/ml). The P4 levels continued to 
increase from day 6 (1.39 ± 0.07 ng/ml) to day 8 (1.62 ± 0.04 ng/ml). 
Then a pronounced rise on day 10 (2.59 ± 0.04 ng/ml), with a peak value 
on day 12 (2.63 ± 0.04 ng/ml). This high level was maintained for few 
days, before declining rapidly on day 14 (1.20 ± 0.09 ng/ml) to reach a 
basal level on day 16 (0.29 ± 0.1 ng/ml) of the cycle. The shape of the P4 
profile can be divided into: an initial sigmoid rise, a plateau and a 
precipitous decline. 
Experiment 2 was conducted to determine a probable luteolytic effect 
and the effective dose of the whole beans of castor plant. Thirty cyclic 
Hamari ewes were used. Twenty ewes were randomly assigned between 
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two equal treatment groups (A and B). The remaining 10 ewes, whose 
natural oestrous cycles were monitored in experiment 1, were used as a 
control group (C). Oestrus was synchronized in the treatment groups with 
2 intramuscular injections of PGF2α (125µg), 9 days apart.  
Group A was fed 2-4 gm/ewe (55-110 mg/kg bwt) whole castor beans on 
day 9 of the oestrous cycle (T1) and group B was fed 6-8 gm/ewe (165-
220 mg/kg bwt) whole castor beans on day 9 also (T2). Thereafter the 
ewes were monitored for oestrus response using the teaser rams. Nine 
blood samples were collected from each ewe, at 48 hr intervals starting 
from the onset of the synchronized oestrus. Blood serum was removed 
and deep frozen. The serum P4 concentrations were assayed in these 
samples to determine the effects of the treatments on the luteal function. 
Results of this experiment showed that both castor beans treatments 
induced luteolysis 72 hr after the treatment, in 8 out of 10 of the treatment 
1 group and in all of the treatment 2 group, with highly significant 
difference (P<0.001) in the P4 concentrations between the control and 
each treatment group. The P4 profile of each treatment group 
corresponded with that of the control group until day 10 of the cycle. 
Luteolysis encountered on day 12 as evident by the sharp drop of the 
profile. Thereafter the treatment profile assumed a reversed trend to that 
of the control through day 16 of the cycle. 
Experiment 3 was conducted to investigate the location of the active 
ingredient in the beans of castor plant. Ten ewes from the previous 
treatment groups were randomly assigned between two treatments after 
the elapse of 2 natural oestrous cycles from the last treatment. The castor 
beans were decorticated and the husks obtained from 8 gm castor beans 
were fed to each of 5 ewes (T3) and the remaining decorticated seeds 
obtained from 8 gm castor beans were fed to each of the other 5 ewes 
(T4). These treatments were done on day 9 of the oestrous cycle. Oestrus 
 x
was detected using the teaser rams. Three out of five ewes fed castor bean 
husks showed apparent oestrus 72 hr after the treatment, whereas those 
fed the decorticated beans did not express oestrus during the following 
five days of the treatment. 
Experiment 4 was conducted to test the possibility of synchronizing 
oestrus by feeding castor beans. The remaining 10 ewes from the 
previous treatment groups (T1 and T2) after the elapse of 2 natural heats 
from the last treatment, were used in this experiment. Each ewe was fed 8 
gm (220 mg/kg bwt) whole castor beans as a single meal (T5) irrespective 
of the stage of the cycle. The oestrus was monitored using the teaser 
rams. Eighty percent of the ewes responded with oestrus occurring after 
48 to 72 hr of the treatment. 
Experiment 5 was carried out to compare the synchronizing potency of 
castor beans with that of PGF2α in the Hamari ewe. Oestrus in the 
treatment groups was already synchronized with PGF2α or castor beans. 
Consequently, comparison was made utilizing the available data. The 
level of synchronization produced by feeding castor beans (80%) was 
similar (P>0.05) to that obtained for the 9-day PGF2α regime (n=10). 
Experiment 6 was designed to investigate the effects of castor beans’ 
treatment on the subsequent fertility of the treated ewes. All the ewes, 
which have been treated with castor beans in the above experiments, were 
monitored for the oestrus detection. Thereafter they were mated with two 
fertile rams. The fertility of the ewes was assessed by noting pregnancy 
and lambing rates. The pregnancy rate (95%) and the lambing rate 
(111%) of the castor beans fed ewes were comparable (P>0.05) to that of 
the control group. 
In conclusion, the average length of the oestrous cycle and the heat 
duration found in this study agree with the previous information on other 
ecotypes of the Sudan Desert sheep. The P4 profile during the oestrous 
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cycle follows the general trend of the P4 profile of cyclic ewes shown in 
previous studies in other breeds of sheep. Feeding castor beans to cyclic 
ewes induces luteolysis of the corpus luteum. Furthermore, castor beans 
can synchronize oestrus without decreasing fertility. Therefore, the 
presented method could be used as an alternative for effective 
synchronization of oestrus in ewes. 
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 ﺑﺴﻢ اﷲ اﻟﺮﲪﻦ اﻟﺮﺣﻴﻢ
 ﻣﻮﺟـــﺰ اﻟﺒﺤـــﺚ
ﺘﺤﺩﻴﺩ ﻁﻭل ﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ ﻭﻨﺴﻕ ﺘﺭﻜﻴﺯ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﺨﻼل ﺩﻭﺭﺓ ﻟ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺠﺭﻴﺕﺃ
 ﺒﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉ ﻋﻠﻰ ﺩﻭﺭﺓ ﺠﺭﻴﻊ ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﺘﻘﺼﻲ ﺘﺄﺜﻴﺭﺍﺕ ﺍﻟﺘﻟﺤﻤﺭﻴﺔﺍﻟﺸﺒﻕ ﻓﻲ ﺍﻟﻨﻌﺎﺝ ﺍ
  . ﺍﻟﺸﺒﻕ ﻭﺍﻟﺨﺼﻭﺒﺔ ﺍﻟﻼﺤﻘﺔ ﻟﻠﻨﻌﺎﺝ
ﺭﺓ ﺍﻟﺸﺒﻕ ﻭﻨﺴﻕ ﻤﺴﺘﻭﻯ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﺨﻼل ﻟﺘﺤﺩﻴﺩ ﻁﻭل ﺩﻭ( 1)ﺃﺠﺭﻴﺕ ﺍﻟﺘﺠﺭﺒﺔ 
 ﺘﻤﺕ ﻤﺘﺎﺒﻌﺘﻬﺎ ﺨﻼل ﺩﻭﺭﺘﻲ ﺸﺒﻕ ﺤﻤﺭﻴﺔ ﻨﻌﺎﺝ 01 ًﺃﺴﺘﺨﺩﻤﺕ ﻓﻲ ﻫﺫﻩ ﺍﻟﺘﺠﺭﺒﺔ  .ﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ
ﺠﻤﻌﺕ ﻋﻴﻨﺎﺕ ﺍﻟﺩﻡ ﻤﻥ ﺍﻷﻭﺭﺩﺓ ﺍﻟﻭﺩﺍﺠﻴﺔ، ﻭﺍﻟﻔﺘﺭﺓ ﺒﻴﻥ . ﺎﺸﻔﺔﻁﺒﻴﻌﻴﺘﻴﻥ ﺒﻭﺍﺴﻁﺔ ﺍﻟﺨﺭﺍﻑ ﺍﻟﻜ
ﻭ . ﺎﺸﻔﺔﺩﺕ ﺒﻭﺍﺴﻁﺔ ﺍﻟﺨﺭﺍﻑ ﺍﻟﻜ ﺴﺎﻋﺔ، ﺇﺒﺘﺩﺍﺀﺍﹰ ﻤﻥ ﺒﺩﺍﻴﺔ ﺍﻟﺸﺒﻕ ﺍﻟﺘﻲ ﺤﺩ84ﺍﻟﻌﻴﻨﺔ ﻭﺍﻟﺘﻲ ﺘﻠﻴﻬﺎ 
-  ﻓﻲ ﺩﺭﺠﺔ ﻪﺘﻡ ﻓﺼل  ﻤﺼل ﺍﻟﺩﻡ ﻭﺤﻔﻅ.  ﻋﻴﻨﺎﺕ ﻤﻥ ﻜل ﻨﻌﺠﺔ ﺨﻼل ﻜل ﺩﻭﺭﺓ ﺸﺒﻕ9ﺠﻤﻌﺕ 
ﺃﻭﻀﺤﺕ ﻨﺘﺎﺌﺞ ﻫﺫﻩ .  ﺍﻟﻤﻨﺎﻋﻴﺔ ﺍﻟﺸﻌﺎﻋﻴﺔﺒﺎﻟﻤﻘﺎﻴﺴﺔ ﺘﺭﻜﻴﺯ ﺍﻟﺒﺭﺠﺴﺘﺭﻭﻥ ﺘﻘﺩﻴﺭﻡ ﺤﺘﻰ °02
ﺭﺓ  ﻴﻭﻤﺎﹰ ﻭﻁﻭل ﻓﺘ4.1 ± 5.61 ﻫﻭ ﺤﻤﺭﻴﺔﺍﻟﺘﺠﺭﺒﺔ ﺃﻥ ﻤﺘﻭﺴﻁ ﻁﻭل ﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ ﻓﻲ ﺍﻟﻨﻌﺎﺝ ﺍﻟ
ﻭﺴﺠل ﻤﺘﻭﺴﻁ ﺘﺭﻜﻴﺯ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﻓﻲ ﺩﻡ ﺍﻟﻨﻌﺎﺝ ﺃﺩﻨﻰ ﻤﺴﺘﻭﻯ ﻟﻪ .  ﺴﺎﻋﺔ52ﺍﻟﺸﺒﻕ ﺤﻭﺍﻟﻲ 
 ± 53.0)، ﻤﻊ ﺯﻴﺎﺩﺓ ﻁﻔﻴﻔﺔ ﺤﺘﻰ ﺍﻟﻴﻭﻡ ﺍﻟﺭﺍﺒﻊ (ﻤل/ ﻨﺎﻨﻭﺠﺭﺍﻡ10.0 ± 11.0)ﻓﻲ ﺍﻟﻴﻭﻡ ﺍﻷﻭل 
 ± 93.1)ﻭﺍﺴﺘﻤﺭ ﻤﺴﺘﻭﻯ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﻓﻲ ﺍﻟﺘﺯﺍﻴﺩ ﻤﻥ ﺍﻟﻴﻭﻡ ﺍﻟﺴﺎﺩﺱ ( ﻤل/ ﻨﺎﻨﻭﺠﺭﺍﻡ30.0
ﺜﻡ ﺇﺭﺘﻔﺎﻉ ﻤﻠﺤﻭﻅ ﻓﻲ ( ﻤل/ ﻨﺎﻨﻭﺠﺭﺍﻡ40.0 ± 26.1)ﺇﻟﻰ ﺍﻟﻴﻭﻡ ﺍﻟﺜﺎﻤﻥ ( ﻤل/ ﻨﺎﻨﻭﺠﺭﺍﻡ70.0
 40.0 ± 36.2)ﻟﻴﺼل ﻗﻤﺘﻪ ﻓﻲ ﺍﻟﻴﻭﻡ ﺍﻟﺜﺎﻨﻲ ﻋﺸﺭ ( ﻤل/ ﻨﺎﻨﻭﺠﺭﺍﻡ40.0 ± 95.2)ﺍﻟﻴﻭﻡ ﺍﻟﻌﺎﺸﺭ 
ﺜﻡ ﺇﺴﺘﻘﺭ ﻫﺫﺍ ﺍﻟﻤﺴﺘﻭﻯ ﺍﻟﻌﺎﻟﻲ ﻟﻌﺩﺓ ﺃﻴﺎﻡ ﻗﺒل ﺃﻥ ﻴﻨﺤﺩﺭ ﺒﺸﺩﺓ ﻓﻲ ﺍﻟﻴﻭﻡ ﺍﻟﺭﺍﺒﻊ (. ﻤل/ﻨﺎﻨﻭﺠﺭﺍﻡ
 92.0)ﻟﻴﺼل ﻟﻤﺴﺘﻭﻯ ﻤﺘﺩﻨﻲ ﺠﺩﺍﹰ ﻓﻲ ﺍﻟﻴﻭﻡ ﺍﻟﺴﺎﺩﺱ ﻋﺸﺭ ( ﻤل/ﻡ ﻨﺎﻨﻭﺠﺭﺍ90.0 ± 02.1)ﻋﺸﺭ 
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ﻭﺘﻤﻴﺯ ﺸﻜل ﻤﻨﺤﻨﻰ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﺨﻼل ﺍﻟﺩﻭﺭﺓ ﺒﺜﻼﺜﺔ ﻤﺭﺍﺤل . ﻟﻠﺩﻭﺭﺓ( ﻤل/ ﻨﺎﻨﻭﺠﺭﺍﻡ10.0± 
  . ﺃﻭﻟﻲ ﻭﻤﺴﺘﻭﻯ ﻤﺴﺘﻘﺭ ﺜﻡ ﺇﻨﺤﺩﺍﺭ ﺸﺩﻴﺩ(diomgis )ﺴﻰ ﺇﺇﺭﺘﻔﺎﻉ:  ﻫﻲ
 ﺍﻟﺠﺭﻋﺔ ﺍﻟﻔﻌﺎﻟﺔ  ﻤﺤﺘﻤل ﻟﻠﺠﺴﻡ ﺍﻷﺼﻔﺭ ﻭﺘﺤﺩﻴﺩﻨﻜﺴﻲﻟﺘﺤﺩﻴﺩ ﺃﺜﺭ ﺘ( 2)ﺃﺠﺭﻴﺕ ﺍﻟﺘﺠﺭﺒﺔ 
. ﻟﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉ ﻋﻨﺩﻤﺎ ﺘﻌﻁﻰ ﻟﻠﻨﻌﺎﺝ ﺍﻟﺼﺤﺭﺍﻭﻴﺔ ﺃﺜﻨﺎﺀ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻟﻠﻴﻭﺘﻴﻨﻴﺔ ﻤﻥ ﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ
 ﻨﻌﺠﺔ ﻋﺸﻭﺍﺌﻴﺎﹰ ﺒﻴﻥ 02 ﻨﻌﺠﺔ ﻨﺸﻁﺔ ﺍﻟﺩﻭﺭﺓ ﻓﻲ ﻫﺫﻩ ﺍﻟﺘﺠﺭﺒﺔ ﺤﻴﺙ ﺘﻡ ﺘﻭﺯﻴﻊ 03ُﺃﺴﺘﺨﺩﻤﺕ 
ﺎﺒﻌﺔ ﻭُﺃﺴﺘﺨﺩﻤﺕ ﺍﻟﻨﻌﺎﺝ ﺍﻟﻌﺸﺭﺓ ﺍﻟﺒﺎﻗﻴﺔ ﻭﺍﻟﺘﻲ ﺘﻤﺕ ﻤﺘ(. ﺃ ﻭ ﺏ)ﻤﺠﻤﻭﻋﺘﻴﻥ ﻤﺘﺴﺎﻭﻴﺘﻴﻥ ﻟﻠﻤﻌﺎﻤﻠﻪ 
 ﺍﻟﺸﺒﻕ ﻓﻲ ﺕ ﻤﺯﺍﻤﻨﺔﺘﻤ(. ﺝ)ﻜﻤﺠﻤﻭﻋﺔ ﺸﺎﻫﺩ ( 1)ﺩﻭﺭﺍﺕ ﺸﺒﻘﻬﺎ ﺍﻟﻁﺒﻴﻌﻴﺔ ﻓﻲ ﺍﻟﺘﺠﺭﺒﺔ 
 9ﺒﺎﻟﻌﻀل ﺒﻴﻨﻬﻤﺎ (  ﻤﺎﻜﺭﻭﺠﺭﺍﻡ521)ﻨﺩﻴﻥ ﻐﻠﻤﺠﻤﻭﻋﺘﻲ ﺍﻟﻤﻌﺎﻤﻠﺔ ﺒﺤﻘﻥ ﺠﺭﻋﺘﻴﻥ ﻤﻥ ﺍﻟﺒﺭﻭﺴﺘ
( ﺃ) ﺒﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉ ﻓﻲ ﺍﻟﻴﻭﻡ ﺍﻟﺘﺎﺴﻊ ﻟﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ ﺤﻴﺙ ﺃﻋﻁﻴﺕ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺠﺭﻴﻊﻭﺘﻡ ﺍﻟﺘ. ﺃﻴﺎﻡ
ﺒﻌﺩ ﺫﻟﻙ ﺘﻤﺕ ﻤﺘﺎﺒﻌﺔ (. 2ﻡ)ﻨﻌﺠﺔ / ﺠﻡ8-6ﺃﻋﻁﻴﺕ ( ﺏ)ﻭﺍﻟﻤﺠﻤﻭﻋﺔ ( 1ﻡ)ﻨﻌﺠﺔ / ﺠﻡ4-2
 ﻋﻴﻨﺎﺕ ﺩﻡ ﻤﻥ 9ﻭﺠﻤﻌﺕ .  ﻟﻠﺘﺤﻘﻕ ﻤﻥ ﺇﺴﺘﺠﺎﺒﺘﻬﻥ ﻟﻠﻤﻌﺎﻤﻼﺕﺎﺸﻔﻪﺍﻟﻨﻌﺎﺝ ﺒﻭﺍﺴﻁﺔ ﺍﻟﺨﺭﺍﻑ ﺍﻟﻜ
ﺘﻡ .  ﺴﺎﻋﺔ ﺒﻴﻥ ﺍﻟﻌﻴﻨﺔ ﻭﺍﻟﺘﻲ ﺘﻠﻴﻬﺎ ﺇﺒﺘﺩﺍﺀ ﻤﻥ ﺒﺩﺍﻴﺔ ﺍﻟﺸﺒﻕ ﺍﻟﻤﺘﺯﺍﻤﻥ84ﻜل ﻨﻌﺠﺔ ﻋﻠﻰ ﻓﺘﺭﺍﺕ 
ﺘﻤﺕ ﻤﻘﻴﺎﺴﺔ ﺘﺭﻜﻴﺯ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﻓﻲ ﻫﺫﻩ . ﻴﻕ ﻓﻲ ﺍﻟﻤﺠﻤﺩ ﺍﻟﻌﻤﻪﻓﺼل ﻤﺼل ﺍﻟﺩﻡ ﻭﺤﻔﻅ
ﺃﻅﻬﺭﺕ ﻨﺘﺎﺌﺞ ﻫﺫﻩ ﺍﻟﺘﺠﺭﺒﺔ ﺃﻥ . ﺍﻟﻌﻴﻨﺎﺕ ﻟﺘﺤﺩﻴﺩ ﺘﺄﺜﻴﺭ ﺍﻟﻤﻌﺎﻤﻼﺕ ﻋﻠﻰ ﻭﻅﻴﻔﺔ ﺍﻟﺠﺴﻡ ﺍﻷﺼﻔﺭ
ﺘﻨﺎﻭل ﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉ ﻓﻲ ﺍﻟﻤﻌﺎﻤﻠﺘﻴﻥ ﺃﺩﻯ ﺇﻟﻰ ﺘﻐﻴﺭ ﻤﻔﺎﺠﺊ ﻓﻲ ﻤﺴﺘﻭﻯ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﻓﻲ ﺍﻟﺩﻡ 
ﺩﻡ  ﻓﻲ ( 100.0<P)ﻌﻨﻭﻴﺎﹰ ﻭﻗﺩ ﺇﻨﺨﻔﺽ ﻤﺴﺘﻭﻯ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﻤ.  ﺴﺎﻋﺔ ﻤﻥ ﺍﻟﻤﻌﺎﻤﻠﺔ27ﺒﻌﺩ 
 ﺒﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉ ﻓﻲ ﺍﻟﻴﻭﻡ ﺍﻟﺜﺎﻨﻲ ﻋﺸﺭ ﻤﻘﺎﺭﻨﺔ ﺒﻤﺴﺘﻭﺍﻩ ﻓﻲ ﺩﻡ ﻨﻌﺎﺝ ﻤﺠﻤﻭﻋﺔ ﺠﺭﻋﻪﺍﻟﻨﻌﺎﺝ ﺍﻟﻤ
ﺘﻁﺎﺒﻕ ﻤﻨﺤﻨﻰ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﻓﻲ ﻜل ﻤﻥ ﻤﺠﻤﻭﻋﺘﻲ ﺍﻟﻤﻌﺎﻤﻠﺔ ﻭﻤﺠﻤﻭﻋﺔ . ﺍﻟﺸﺎﻫﺩ ﻓﻲ ﻨﻔﺱ ﺍﻟﻴﻭﻡ
ﻟﻴﻭﻡ ﺍﻟﺜﺎﻨﻲ ﻭﺍﻨﺤﺩﺭ ﻤﻨﺤﻨﻰ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﻓﺠﺎﺌﻴﺎﹰ ﻓﻲ ﺍ. ﺍﻟﺸﺎﻫﺩ ﺤﺘﻰ ﺍﻟﻴﻭﻡ ﺍﻟﻌﺎﺸﺭ ﻤﻥ ﺍﻟﺩﻭﺭﺓ
ﺜﻡ ﺍﺘﺨﺫ ﻤﻨﺤﻨﻰ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﻟﻤﺠﻤﻭﻋﺘﻲ .  ﺍﻟﺠﺴﻡ ﺍﻷﺼﻔﺭﻨﻜﺱﻋﺸﺭ ﻟﻠﺩﻭﺭﺓ ﺩﺍﻻﹰ ﻋﻠﻰ ﺘ
vix 
ﺍﻟﻤﻌﺎﻤﻠﺔ ﻨﺯﻋﺔ ﻤﻌﺎﻜﺴﺔ ﻟﻤﻨﺤﻨﻰ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﻓﻲ ﻤﺠﻤﻭﻋﺔ ﺍﻟﺸﺎﻫﺩ ﺤﺘﻰ ﺍﻟﻴﻭﻡ ﺍﻟﺴﺎﺩﺱ ﻋﺸﺭ 
  .ﻟﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ
ﺍﺴﺘﺨﺩﻤﺕ ﻓﻲ ﻫﺫﻩ .  ﺍﻟﺠﺯﺀ ﺍﻟﻔﻌﺎل ﻓﻲ ﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉﻟﻤﻌﺭﻓﺔ( 3)ﺃﺠﺭﻴﺕ ﺍﻟﺘﺠﺭﺒﺔ 
 ﻨﻌﺎﺝ ﻤﻥ ﻤﺠﻤﻭﻋﺘﻲ ﺍﻟﻤﻌﺎﻤﻠﺔ ﺍﻟﺴﺎﺒﻘﺔ ﺒﻌﺩ ﻤﺭﻭﺭ ﺩﻭﺭﺘﻲ ﺸﺒﻕ ﻁﺒﻴﻌﻴﺘﻴﻥ ﻤﻥ ﺁﺨﺭ 01ﺍﻟﺘﺠﺭﺒﺔ 
 ﺘﻡ ﺘﻘﺸﻴﺭ ﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉ ﻭﺘﻡ. ﻌﺎﻤﻠﺔﻤﻌﺎﻤﻠﺔ، ﺤﻴﺙ ﻭﺯﻋﺕ ﺍﻟﻨﻌﺎﺝ ﻋﺸﻭﺍﺌﻴﺎﹰ ﺒﻴﻥ ﻤﺠﻤﻭﻋﺘﻴﻥ ﻟﻠﻤ
 ﺘﺠﺭﻴﻊ  ﻭﺘﻡ( 3ﻡ) ﺠﻡ ﺒﺫﻭﺭ ﺨﺭﻭﻉ ﻜﺎﻤﻠﺔ 8 ﻨﻌﺎﺝ ﺒﺎﻟﻘﺸﺭﺓ ﺍﻟﻤﺘﺤﺼﻠﺔ ﻤﻥ 5 ﻜل ﻨﻌﺠﺔ ﻤﻥ ﺘﺠﺭﻴﻊ
 (.4ﻡ) ﺠﻡ ﺒﺫﻭﺭ ﺨﺭﻭﻉ ﻜﺎﻤﻠﺔ 8ﻴﺔ ﺒﺎﻟﺒﺫﻭﺭ ﺍﻟﻤﻘﺸﻭﺭﺓ ﻭﺍﻟﻤﺘﺤﺼﻠﺔ ﻤﻥ  ﻨﻌﺎﺝ ﺍﻟﺒﺎﻗﺔﻜل ﻤﻥ ﺍﻟﺨﻤﺴ
 ﺜﻡ ﺘﻤﺕ ﻤﺘﺎﺒﻌﺔ ﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ ﺒﻭﺍﺴﻁﺔ .ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﻤﻌﺎﻤﻼﺕ ﻓﻲ ﺍﻟﻴﻭﻡ ﺍﻟﺘﺎﺴﻊ ﻤﻥ ﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ
 ﺒﺒﺫﻭﺭ ﺍﻟﻤﺠﺭﻋﺔ ﻤﻥ ﺍﻟﺨﻤﺱ ﻨﻌﺎﺝ  ﺜﻼﺙﺃﻅﻬﺭﺕ ﻨﺘﻴﺠﺔ ﻫﺫﻩ ﺍﻟﺘﺠﺭﺒﺔ ﺃﻥ. ﺎﺸﻔﺔﺍﻟﺨﺭﺍﻑ ﺍﻟﻜ
ﻤﻥ  ﻌﺠل ﺍﻟﺒﺫﻭﺭ ﺍﻟﻤﻘﺸﻭﺭﺓﺍﻟﻤﻌﺎﻤﻠﺔ، ﺒﻴﻨﻤﺎ ﻟﻡ ﺘ ﺴﺎﻋﺔ ﻤﻥ 27 ﻅﻬﺭ ﻓﻴﻬﺎ ﺍﻟﺸﺒﻕ ﺒﻌﺩ ﺍﻟﺨﺭﻭﻉ
  .ﻅﻬﻭﺭ ﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ
. ﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉﺠﺭﻴﻊ ﺍﻟﻨﻌﺎﺝ ﺒ ﺍﻟﺸﺒﻕ ﺒﺘﻤﺯﺍﻤﻨﺔﻹﺨﺘﺒﺎﺭ ﺇﻤﻜﺎﻨﻴﺔ ( 4)ﺃﺠﺭﻴﺕ ﺍﻟﺘﺠﺭﺒﺔ 
( 2 ﻭ ﻡ1ﻡ)ﺇﺴﺘﺨﺩﻤﺕ ﻓﻲ ﻫﺫﻩ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﻨﻌﺎﺝ ﺍﻟﻌﺸﺭﺓ ﺍﻟﺒﺎﻗﻴﺔ ﻤﻥ ﻤﺠﻤﻭﻋﺘﻲ ﺍﻟﻤﻌﺎﻤﻠﺔ ﺍﻟﺴﺎﺒﻘﺔ 
 ﺠﻡ 8ﻜل ﻨﻌﺠﺔ ﺒـ  ﺘﺠﺭﻴﻊ ﺭ ﻤﻌﺎﻤﻠﺔ، ﺤﻴﺙ ﺘﻡﻭﺫﻟﻙ ﺒﻌﺩ ﻤﺭﻭﺭ ﺩﻭﺭﺘﻲ ﺸﺒﻕ ﻁﺒﻴﻌﻴﺘﻴﻥ ﻤﻥ ﺁﺨ
. ﺎﺸﻔﺔﺜﻡ ﺘﻤﺕ ﻤﺘﺎﺒﻌﺔ ﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ ﺒﺈﺴﺘﺨﺩﺍﻡ ﺍﻟﺨﺭﺍﻑ ﺍﻟﻜ(. 5ﻡ)ﺒﺫﻭﺭ ﺨﺭﻭﻉ ﻓﻲ ﻭﺠﺒﺔ ﻭﺍﺤﺩﺓ 
  . ﺴﺎﻋﺔ ﻤﻥ ﺍﻟﻤﻌﺎﻤﻠﺔ27 ﺇﻟﻰ 84ﻤﻥ ﺍﻟﻨﻌﺎﺝ ﻭﻅﻬﺭﺕ ﻓﻴﻬﺎ ﻋﻼﻤﺎﺕ ﺍﻟﺸﺒﻕ ﺒﻌﺩ % 08ﺇﺴﺘﺠﺎﺒﺕ 
 ﺍﻟﺸﺒﻕ ﻤﻊ ﻓﻌﺎﻟﻴﺔ ﻤﺯﺍﻤﻨﺔﻫﻭ ﻤﻘﺎﺭﻨﺔ ﻓﻌﺎﻟﻴﺔ ﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉ ﻓﻲ ( 5)ﺍﻟﻬﺩﻑ ﻤﻥ ﺍﻟﺘﺠﺭﺒﺔ 
ﻨﺩﻴﻥ ﻓﻲ ﻐﻠﺤﻴﺙ ﺘﻡ ﺘﺯﺍﻤﻥ ﺍﻟﺸﺒﻕ ﺒﺈﺴﺘﺨﺩﺍﻡ ﻜل ﻤﻥ ﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉ ﻭﺍﻟﺒﺭﻭﺴﺘ. ﻨﺩﻴﻥﻐﻠﺍﻟﺒﺭﻭﺴﺘ
 ﺒﺫﻭﺭ ﺒﺘﺠﺭﻴﻊ ﺍﻟﺸﺒﻕ ﻤﺯﺍﻤﻨﺔ ﺃﻥ ﻤﺴﺘﻭﻯ ﺇﺘﻀﺢ.  ﻗﻭﺭﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻤﺘﺎﺤﺔﻟﺫﻟﻙﺍﻟﺘﺠﺎﺭﺏ ﺍﻟﺴﺎﺒﻘﺔ 
vx 
ﻨﻬﻤﺎ  ﻓﻲ ﺠﺭﻋﺘﻴﻥ ﺒﻴ ﺍﻟﺸﺒﻕ ﺒﺈﺴﺘﺨﺩﺍﻡ ﺍﻟﺒﺭﻭﺴﺘﻐﻠﻨﺩﻴﻥﻤﺯﺍﻤﻨﺔﻟﻤﺴﺘﻭﻯ ( 50.0>P)ﺍﻟﺨﺭﻭﻉ ﻤﻤﺎﺜل 
  .ﺘﺴﻌﺔ ﺃﻴﺎﻡ
ﻫﻭ ﺘﻘﺼﻲ ﺘﺄﺜﻴﺭﺍﺕ ﺍﻟﻤﻌﺎﻤﻠﺔ ﺒﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉ ﻋﻠﻰ ﺍﻟﺨﺼﻭﺒﺔ ( 6)ﺍﻟﻬﺩﻑ ﻤﻥ ﺍﻟﺘﺠﺭﺒﺔ 
 ﺒﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉ ﻓﻲ ﺍﻟﻤﻌﺎﻤﻼﺕ ﺍﻟﺴﺎﺒﻘﺔ ﻟﻜﺸﻑ ﺠﺭﻋﺔﺘﻤﺕ ﻤﺘﺎﺒﻌﺔ ﻜل ﺍﻟﻨﻌﺎﺝ ﺍﻟﻤ. ﺍﻟﻼﺤﻘﺔ ﻟﻠﻨﻌﺎﺝ
 .ﺍﻟﺸﺒﻕ ﻜﻤﺎ ﺘﻡ ﺘﻘﻴﻴﻡ ﺍﻟﺨﺼﻭﺒﺔ ﺍﻟﻼﺤﻘﺔ ﺒﻤﻼﺤﻅﺔ ﻤﻌﺩﻻﺕ ﺍﻟﺤﻤل ﻭﺍﻟﻭﻻﺩﺓ ﺒﻌﺩ ﺍﻟﺘﻠﻘﻴﺢ ﺍﻟﻁﺒﻴﻌﻲ
ﻟﺨﺼﻭﺒﺔ ﻨﻌﺎﺝ ﻤﺠﻤﻭﻋﺔ ( 50.0>P)ﻜﺎﻨﺕ ﺨﺼﻭﺒﺔ ﺍﻟﻨﻌﺎﺝ ﺍﻟﻤﻌﺎﻤﻠﺔ ﺒﺒﺫﻭﺭ ﺍﻟﺨﺭﻭﻉ ﻤﻤﺎﺜﻠﺔ 
  .ﺍﻟﺸﺎﻫﺩ
ﺨﻠﺼﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻟﻰ ﺃﻥ ﻤﺘﻭﺴﻁ ﻁﻭل ﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ ﻭﻁﻭل ﻓﺘﺭﺓ ﺍﻟﺸﺒﻕ ﻴﻭﺍﻓﻘﺎﻥ 
ﻭﻨﺴﻕ ﺘﺭﻜﻴﺯ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ . ﻨﺘﺎﺌﺞ ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﺴﺎﺒﻘﺔ ﻓﻲ ﺃﻨﻭﺍﻉ ﺍﻟﻀﺄﻥ ﺍﻟﺼﺤﺭﺍﻭﻱ ﺍﻷﺨﺭﻯ
ﻋﺔ ﺍﻟﻌﺎﻤﺔ ﻟﻨﺴﻕ ﺘﺭﻜﻴﺯ ﺍﻟﺒﺭﻭﺠﺴﺘﺭﻭﻥ ﻓﻲ ﺴﻼﻻﺕ ﺍﻟﻀﺄﻥ ﺍﻷﺨﺭﻯ ﺨﻼل ﺩﻭﺭﺓ ﺍﻟﺸﺒﻕ ﻴﺘﺒﻊ ﺍﻟﻨﺯ
 ﺍﻟﺠﺴﻡ ﻨﻜﺱﺅﺩﻱ ﺇﻟﻰ ﺘﻴ ﺍﻟﻨﻌﺎﺝ ﺒﺒﺫﻭﺭ ﻨﺒﺎﺕ ﺍﻟﺨﺭﻭﻉ ﺠﺭﻴﻊﻭﺃﻥ ﺘ. ﻜﻤﺎ ﺒﻴﻨﺘﻪ ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﺴﺎﺒﻘﺔ
  ﻓﻰ ﺍﻟﺸﺒﻕ ﻤﻥ ﻏﻴﺭ ﺘﺩﻨﻲﻤﺯﺍﻤﻨﺔ ﺒﺒﺫﻭﺭ ﻨﺒﺎﺕ ﺍﻟﺨﺭﻭﻉ ﺘﺅﺩﻱ ﺇﻟﻰ ﻤﻌﺎﻤﻠﺔﺍﻷﺼﻔﺭ ﻜﻤﺎ ﺃﻥ  ﺍﻟ
  .  ﺍﻟﺸﺒﻕ ﻓﻲ ﺍﻟﻨﻌﺎﺝﻤﺯﺍﻤﻨﺔﻟﺨﺩﺍﻤﻬﺎ ﻜﺒﺩﻴل ﻓﻌﺎل ﺇﺫﻥ ﻫﺫﻩ ﺍﻟﻁﺭﻴﻘﺔ ﻴﻤﻜﻥ ﺇﺴﺘ. ﺨﺼﻭﺒﺔ ﺍﻟﻨﻌﺎﺝ
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INTRODUCTION 
 
The Sudan is a vast country, covering an area of about one million 
square miles, representing 8.3 percent of the area of Africa. It extends 
between latitude 4˚and 22˚ N and longitude 22˚ and 38˚ E. Ecology of the 
country varies from a desert environment in the north to typical rain 
forests in the south. These diverse ecological environments support a 
large variety of plant and animal species each of them is well adapted to 
the ecosystem where it exists. 
The Sudan Desert sheep are strictly confined to the semiarid 
climatic zone of the country. Their homeland is roughly bound in the 
south by latitude 12˚N, although this southern border has recently 
retreated further south due to the southwards advance of the desert. The 
western border is marked by the range of rocky hills from Jebel Marra in 
the south to the Zaghawa plateau in the north. To the east the area extends 
to the Red Sea hills. To the north it fades away with an undulating border 
in the Nubian Desert. 
Topographically this area is dominated by sandy plains and 
stabilized sand dunes in the west, extensive plains of dark cracked soil in 
the centre and a strip of sandy plains with stabilized sand dunes in the 
east. In the main Desert sheep land, rainfall varies from 75mm in the far 
north to 400 mm in the south. Vegetation varies from a mixture of grasses 
and herbs with no woody vegetation whatsoever, to a scattering of scrub 
bush interspersed with bare areas. 
Based on physical features and ecological distribution, the Sudan 
sheep have been classified into four main local groups: the Desert, the 
Nilotic, the Arid Upland and the Equatorial Upland (Bennett et al., 1948; 
McLeroy, 1961a; Wilson and Clarke, 1975). Fused ectotype groups, 
resulting from nonsystematic crossbreeding at the boundaries of the 
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ecozones of the pure types, have also been recognized. More than 65 
percent of the Sudan sheep are of the Desert breed compared with the 
other types. 
The most distinctive features of this sheep are shape of the head, 
face, tail and posture. The forehead is convex and slopes downwards into 
a Roman nose. The ears are rather large and flabby. The neck is long and 
thin in ewes and withers; in rams the neck is rather thick, with a thin 
dewlap extending from chin to brisket. The coat is hairy with varying 
colours, which indicate tribal ownership or locality and particular variety 
of animals. All females and most males are polled. Some males, however, 
have horns varing from bud size to very large, resembling those of Fulani 
Balami and Auda rams. Length and shape of the tail of the pure Sudan 
Desert type differs from its cross progenies and other types of sheep in 
the country. It has a wide base, which hides the female genital organs and 
thins down gradually towards the tip, which droops well below the hocks. 
In healthy sheep, the tail carries much fat which is evenly dispersed down 
both sides (McLeroy, 1961a). 
The Sudan Desert sheep are generally described as long-legged. 
The length of the leg is due to management and climate. In the northern 
ranges where scarcity of grazing imposes walking long distances, sheep 
have developed longer legs and a light body.  The sheep of the southern 
regions, such as the Hamari variety, have shorter legs and a heavy body; 
for here range grazing and drinking water are abundant, grazing distance 
is small and the range of seasonal migration is comparatively short 
(McLeroy, 1961a).  
Locality and tribal origin of the Desert sheep are identified in local 
markets by their colours. In the central and southeastern part of the 
irrigated Gezira and Rahad, the sheep population is dominated by the 
Dubasi variety. These carry a black patch on the back (saddle), muzzle 
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and legs. The rest of the coat is white with coarse hairy fibres. Further 
north towards Khartoum, on the eastern bank of the Blue Nile and the 
Nile, the Shugor variety predominates. These are uniformly yellowish 
brown. The Hamari variety in southwestern Kordofan and southeastern 
Darfur are predominantly brown and dark brown. The Kabashi of 
northern Kordofan and northern Darfur, the Shambali of eastern 
Kordofan, the Gash and eastern Butana are all multicoloured (McLeroy, 
1961b). 
The different colours of tribal varieties might have been brought 
about through prolonged selection towards colours preferred by particular 
groups of tribes because it is doubtful whether these experienced 
herdsmen would have been aware of any possible relation between colour 
and productivity. As sheep fibres are utilized in nomadic home industry 
for weaving carpets and tents, colour preference of the weaver might have 
played a vital role in this respect. 
The livestock industry is of paramount importance to the national 
economy, as it is one of the main sources of food and employment for the 
national population as well as an important source of foreign exchange. 
The Sudan has an estimated livestock population of some 40 million 
cattle; 50 million sheep; 43 million goats; and 4 million camels (MARF, 
2005). Most of these are owned principally by nomads who inhabit some 
60 million hectares of rangeland, with majority of the remainder being 
owned by small sedentary cultivators. 
The Sudan Desert sheep is one of the leading mutton and milk 
producing types in the tropics (Tothill, 1948) but its importance is little 
known due to lack of publicity. The sheep has striking production and 
marketing features in comparison with other local types. It is 
characterized by a large body size, a high carcass-yield and a good quality 
meat. Its meat is greatly preferred by local consumers and is exported 
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mostly to the kingdom of Saudi Arabia as well as to other Near East oil-
producing countries. The sheep skins are highly graded and sold in 
international markets, thereby contributing to the Sudan’s export 
earnings. Therefore, sheep play an important social and economical role 
in the country. 
The problem of supplying adequate quantities of animal protein to 
an expanding national and world population requires that animal 
scientists be ever vigilant to new possibilities for increasing efficiency of 
animal production. There are many directions research can take in 
attempting to achieve this goal. Manipulation of the oestrous cycle is a 
promising area for research which could lead to substantial improvements 
in efficiency of reproduction. The open breeding season of sheep under 
southern Darfur conditions, of inadequate management and nutrition, 
results in many lambs being born at adverse times of the year, when death 
rates are high. To avoid this, simple methods of controlling the mating 
season, such as the Kunan (a cord with a loop at each end, one knotted 
over the penis and the other over the neck of the scrotum) could be used. 
With such seasonal breeding, improved technologies such as 
synchronization of oestrus should be utilized to concentrate parturitions at 
the most favourable time of the year and improve reproductive 
performance of the ewes. 
Synchronization of oestrus could be accomplished by hormonal or 
nonhormonal methods (Martin et al., 1986). Hormones used in the 
synchronization of oestrus include prostaglandin F2α, melatonin, 
progesterone (P4) and equine chorionic gonadotropin (eCG). However, 
these hormones are expensive and sometimes not available in local 
markets. This fact necessitates investigations for alternative 
synchronizing agents, which should be accessible to producers. Castor 
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beans might be the expected candidate, since it has been reported to 
induce luteoysis in the Nubian goats (Elnaiem, 2003). 
Castor bean plant, Ricinus communis, shows a great variation in 
growth habitat and invades a large scale of natural pasture in many parts 
of the country. The plant has several traditional medical uses such as 
purgative and contraceptive agents. However, the plant is known to be 
toxic. The active ingredient is a seed protein known as ricin. All livestock 
species are susceptible to ricin toxicity, whereas when given in small 
amounts, the beans could have a luteolytic effect (Elnaiem, 2003). 
Influence of castor beans on mammalian reproduction was studied by 
Abdalla (2000), who reported deleterious effects of castor beans on rabbit 
fertility. Luteolysis could be induced by feeding castor beans to cyclic 
goats (Elnaiem, 2003). However, the effect of castor beans on 
reproductive function of the ewe has not been reported. Therefore, this 
study was intended to fulfill the following objectives: 
1. to determine length of the oestrous cycle and progesterone profile 
in cyclic Hamari ewes;  
2. to determine the luteolytic effect and the luteoytic dose of the 
beans of the castor plant for the ewe;  
3. to investigate location of the active ingredient in the castor bean; 
4. to test the possibility of using castor beans as oestrus synchronizing 
agent; and  
5. to investigate the effects of the castor beans’ feeding on subsequent 
fertility of the treated ewes. 
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CHAPTER ONE 
LITERATURE REVIEW 
 
1.1 Puberty     
The term puberty is used to define the onset of reproductive life. 
By definition, a male or female has reached puberty when it is able to 
release gametes and exhibit sexual behaviour. For the female, although 
the onset of sexual activity is often used as the onset of puberty, the most 
precise definition is the time of first ovulation (Oyedipe et al., 1986). 
The physiological mechanisms involving control of puberty in 
domestic animals are best known in sheep. Stabenfeldt (1992) stated that 
one of the fundamental concepts of the onset of puberty involves an 
increase in the synthesis and release of gonadotropin releasing hormone 
(GnRH) from the hypothalamus, which drives gonadotropin secretion (in 
pulsatile from) and follicle growth. Before puberty, GnRH and 
gonadotropin secretion is kept in check, because the hypothalamus is 
highly sensitive to negative feedback inhibition by oestrogens. One of the 
keys to puberty in lambs is a maturation of the hypothalamus which 
results in reduced sensitivity to negative feedback by oestrogen 
(Stabenfeldt, 1992). Puberty onset is not held back because of lack of 
responsiveness of the prepubertal gonads, because ovarian follicle 
development can be elicited by gonadotropin administration.  
Many of the endocrine mechanisms leading to puberty are capable 
of operating long before they are called on to function. Ewe lambs born in 
the spring have tonic and surge modes of LH secretion and can attain 
puberty at 20 weeks of age, but the season delays puberty in lambs born 
in spring until the fall when they are about 30 to 35 weeks of age (Younis 
et al., 1978). By contrast, lambs born in the fall are 30 weeks old during 
the adult anoestrous season, but ovulations are delayed until shortly after 
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the onset of the breeding season at witch time they are 50 weeks old. The 
physiological events leading to puberty in the ewe lamb are analogous to 
those that regulate the onset of the sexual season in the adult ewe (Foster 
et al., 1986). Because adult ewes experience the same double 
gonadotropin surge at the onset of the breeding season, it has been 
suggested that adult animals recapitulate puberty each year as they enter 
the breeding season. Recent studies in adult ewes (Stabenfeldt, 1992), 
however, indicate that refractoriness to the long photoperiod experienced 
by animals during the spring and summer is the most critical aspect for 
the establishment of ovarian activity. Thus, the concept that the renewal 
of ovarian activity in sheep recapitulates puberty appears not to be 
accurate, at least in some aspects (Stabenfeldt, 1992). Both internal and 
external cues time puberty, and diet affects the attainment of puberty 
through changes in LH secretion. Once growth requirements for sexual 
maturity have been satisfied, photoperiod cues are used to time the onset 
of puberty to the season of decreasing day length (Foster and Ryan, 
1979). Only ewe lambs that have been exposed to long hours of daylight, 
then to short hours of daylight, can accelerate their sexual development.  
Phillipo (1975) reported that the first oestrus in sheep may occur as 
early as 156-176 or as late as 303 days of age. Variations in puberty age 
have been noted in different breeds of sheep under different ecological 
conditions. For example, while Williamson and Payne (1965) reported 
that ewe lambs in the tropics attain puberty at about one year of age, 
Younis et al. (1978) found a range of 180-335 days for puberty in Awassi 
sheep. On the other hand, Watson and Gamble (1961) and Joubert (1962) 
reported that the minimum age at first oestrus was 143 and 195 days for 
Australian Merino and crossbred Dorset Horn x Persian ewes, 
respectively. Age at first oestrus has also been found to be influenced by 
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plane of nutrition and live weight of the animal (Allen and Lamming, 
1961; Younis et al., 1978).  
The onset of puberty in sheep is influenced by genetic and 
environmental factors (Hafez, 2000). Although various effects have been 
recognized as relevant influences leading to its occurrence, influence of 
chronological age and nutritional status receive the most considerable 
attention. The role of genetic variation which exists between different 
genotypes in determining age at first oestrus has not been clearly 
established. Furthermore, locality and type of management have some 
effects on this important reproductive phenomenon. For instance, 
Suleiman (1982) reported a rather early sexual maturity for the Desert 
sheep about 7 months. A puberty age ranging between 7 and 8 months for 
Finnish Landrace, Rambouillet and their crosses has been reported by 
Dickerson and Laster (1975). Similarly, the West African Dwarf sheep 
reached puberty at 9 months of age (Ngere and Dzakuma, 1975). 
However, Tiwari and Sahni (1977), in India, reported an average puberty 
age of about 18 months for a group of sheep which included Rambouillet, 
Matpura and Chokla.        
Early puberty and a long productive life of breeding stock are very 
desirable characteristics. In the open range and migratory system, where 
more than eighty percent of sheep are maintained, dedicated sheep 
growers do not allow milking of suckling ewes before their lambs attain 
the age of two months and are able to maintain their normal rate of 
growth on range fodder. Consequently all single and most twin ewe 
lambs attain puberty at the age of 7 months and lamb in their 12th month 
(Payne, 1992). 
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1. 2  Oestrous Cycle 
The oestrous cycle has been classically divided into stages that 
represent either behavioural or gonadal events. The terminology, 
originally developed for the guinea pig, rat, and mouse, is as follow: 
oestrus-period of sexual receptivity; metoestrus-period of initial 
development of the corpus luteum; dioestrus-period of mature phase of 
the CL; prooestrus-period of follicle development, which occurs 
subsequent to luteal regression and ends at oestrus (McDonald and 
Pineda, 1989). 
The classic terminology per se is not particularly useful for 
domestic animals. The common terminologies used for domestic animals 
involve either behavioural or gonadal activity. The cycle can be described 
in a behavioural manner by indicating whether animals are in oestrus 
(sexually receptive) or in dioestrus (sexually nonreceptive). In this case, 
dioestrus includes the stages of metoestrus, dioestrus, and prooestrus. The 
cycle can also be described with reference to the activity of the gonads if 
differentiation of follicles and CL is possible. Animals can be in the 
follicular phase (prooestrus and oestrus) or the luteal phase (metoestrus 
and dioestrus) (Stabenfeldt and Edqvist, 1993).  
In most domestic animals including the sheep, because the CL is 
difficult to identify by palpation per rectum, these animals are usually 
classified as to sexual behaviour, oestrus or dioestrus. On the other hand, 
the ovarian status of cattle can be determined accurately by palpation per 
rectum, and cows are usually classified by ovarian status, follicular or 
luteal (Stabenfeldt and Edqvist, 1993). If a CL can be identified, the 
judgment can be made that ovarian activity is normal in the particular 
animal, because the CL represents the culmination of follicle growth and 
ovulation (Stabenfeldt, 1992). 
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1.2.1 Length of the Oestrous Cycle 
The day on which a ewe shows oestrus is conventionally termed 
day 0 of the cycle (Light et al., 1994). The cycle lasts for about 17 days in 
Merino and about 16 days in most British breeds (Noakes, 1998), 
although there is a considerable variation due to breed differences, stage 
of the breeding season and environmental stress. The abnormally short 
cycles that are observed in the ewe early in the breeding season may be 
associated with prematurely regressing CL or anovulation (Oldham and 
Martin, 1978). Umo (1975) reported oestrous cycle length between 15.5 
and 16.5 days in Clun Forest ewes. A length of the oestrous cycle ranges 
from 14 to 19 days and averages 17 days for sheep was also reported  
(Hafez, 1993). Payne (1992) reported a similar length of oestrous cycle in 
both temperate and tropical sheep. However, a longer oestrous cycle of 21 
days, in the Sudan Desert sheep (Shugor, Dubasi and Watish) at ELHuda 
Sheep Research Station, was reported (FAO, 1991a). On the other hand, 
Alsayed (1996) reported a length of oestrous cycle in the Sudan Desert 
sheep (Hamari, Watish and Hamari crosses) in the range of 14 to 21 days 
with an average of 17.6 days. 
 
1.2.2 Duration of Oestrus 
Oestrus may last for 36 hours in the ewe but breed, age, season and 
presence of the male influence duration of oestrus (Fenton et al., 1997). 
Wool breeds have longer oestrous periods than meat breeds (Vosniakou 
et al., 1989). Oestrus is of shorter duration at the beginning and end of the 
breeding season, in the presence of the male and in the first breeding 
season of young females. Oestrus lasts for 24 hours in tropical and 
temperate sheep (Hafez, 1993); 36 hours in West African Dwarf (Adu 
and Ngere, 1979); and 25 hours in the Sudan Desert sheep (FAO, 1991a). 
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In the British breeds, duration of oestrus is 30 hours and might be less by 
10 hours in young ewes (Noakes, 1998). 
 
1.2.3 Signs of Oestrus 
Oestrus in the ewe is relatively inconspicuous and is not evident in 
absence of the ram. The vulva may be oedematous, and a mucous 
discharge from the vagina may be evident. Ewes usually display a strong 
male-seeking behaviour and remain very close to the male. Sometimes 
they wag their tails vigorously (Lindsay and Signoret, 1980). They may 
nuzzle the ram around the belly or scrotum and even try to mount the ram 
(Lindsay and Fletcher, 1972). Young ewes rarely exhibit this behaviour. 
There is evidence to suggest that rams and ewes prefer to mate with their 
own breed, but when there is no alternative ewes will mate with almost 
any breed of ram available (Lindsay and Fletcher, 1972). 
 
1.2.4 Detection of Oestrus  
Without a ram being present, it is difficult to detect occurrence of 
oestrus in ewes by their behaviour. Changes in vaginal histology at 
different stages of the cycle are not as distinct as in animals such as the 
rat, especially in the posterior part of the vagina (Ghannam et al., 1972). 
However, there is a fairy uniform sequence of changes in the vaginal 
mucus at about the time of oestrus (Radford and Watson, 1955), although 
this has rarely been used as a guide to occurrence of oestrus. 
For detection of oestrus, usually a vasectomized ram is fitted with a 
harness holding a coloured crayon on the brisket (Radford et al., 1960) 
and is run with a flock of ewes. When mating is attempted, the crayon 
leaves marks on the wool of the rump of the ewe. 
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1.2.5 Progesterone (P4) Profile 
The P4 level, negligible at oestrus, rises to about 1ng/ml at about 
day 4. Peak levels during the oestrus cycle and early pregnancy (about 4 
ng/ml) are low compared with those in many other species (Stabenfeldt et 
al., 1969). Experiments involving insertion of intrauterine devices on 
different days of the cycle indicate that systemic P4 level will have 
reached a sufficient threshold to have a physiological effect on the uterus 
on day 4 of the cycle (Wodzicka-Tomaswezska et al., 1974). Haresign et 
al. (1975) reported that levels of plasma P4 at oestrus ranged from 0.1 to 
0.5 ng/ml and luteal phase levels from 3 to 6 ng/ml. 
The mean peripheral plasma P4 concentration and the pattern of P4 
production obtained from single daily blood collections throughout the 
ovine oestrous cycle have been well reported (Plotka and Erb, 1967; 
Stabenfeldt et al., 1969; Thorburn et al., 1969; Obst and Seamark, 1970). 
Generally, there is a cyclic pattern of P4 concentration which shows a 
significant correlation when fitted to a quadratic model. It is generally 
recognized that there is considerable variation among sheep in P4 
concentrations when measured on any one day of the cycle. However, 
Stabenfeldt et al. (1969) reported considerable day to day variation in 
plasma P4 concentrations in individual ewes during the cycle, and this 
variation was particularly pronounced during the luteal phase when 
concentrations varied between 1 and 5 ng/ml. McNatty et al. (1973) 
confirmed this apparent day to day variation in individual ewes. 
During the follicular phase of the cycle, the P4 concentration in the 
peripheral plasma of the ewe is 0.2 ng/ml. While the source of the P4 
during the follicular phase is unknown, likely sources are the ovary and 
the adrenal cortex (Harrison and Heap, 1968). A decline in the P4 appears 
to be necessary for manifestations of oestrus to occur; sexual receptivity 
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does not occur in ewes until P4 levels decline to less than 1 ng/ml 
(Stabenfeldt et al., 1969). 
 
1.2.6 Endocrine Regulation of the Oestrous Cycle 
The oestrous cycle is regulated by endocrine and neuroendocrine 
mechanisms, namely, the hypothalamic hormones, the gonadotropins and 
the steroids secreted by the ovary. Regulation of gonadotropin secretion 
during the oestrous cycle requires a delicate balance among complex 
hormonal interactions (Thimonier, 1979). The most important hormone 
that influences the secretion of gonadotropins, is gonadotropin-releasing 
hormone (GnRH). O'Conner et al. (1984) reported that changes in the 
rates of GnRH synthesis and release, as well as the rate of degradation of 
this hormone, are additional factors that modify its role in influencing 
gonadotropin release.  
Follicle stimulating hormone (FSH) stimulates the growth and 
maturation of the ovarian follicle. FSH does not cause secretion of 
oestrogin from the ovary by itself; instead, it needs the presence of LH to 
stimulate oestrogen production just before the onset of oestrus, the 
pituitary gland releases increasing amounts of luteinizing hormone (LH) 
(Thimonier, 1979). Furthermore, this author reported that LH stimulates 
the final maturation of the ovarian follicle(s) containing the oocytes and 
stimulates the follicle to secrete oestrogen that brings the ewe into 
oestrus. The rising concentration of oestrogen stimulates a surge in LH 
that causes ovulation and stops further secretion of oestrogen by the 
follicle (Cognie and Mauleon, 1983). 
Once an oocyte has been released, LH transforms the follicle into a 
corpus luteum (CL), which secretes progesterone (P4) (Denamur et al., 
1973). P4 is necessary for the maintenance of pregnancy and it suppresses 
oestrous behaviour and further release of LH and ovulation (Cognie and 
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Mauleon, 1983). The uterus must be exposed to oestrogen and P4 in order 
to synthesize and release PGF2α. An interplay occurs between the uterus 
and ovary following the initial PGF2α pulse, which affects the CL to 
cause both a reduction in P4 production and the release of luteal oxytocin. 
The oxytocin then interacts with receptors within the uterus to initiate 
another round of PGF2α synthesis (Stabenfeldt, 1992). P4 prepares the 
uterus for prepnancy and stimulates the uterus to synthesize and release 
prostaglandin F2α (PGF2 α) beginning on about day 11 or 12 after the 
oestrus (Ellinwood et al., 1979). If the ewe was not bred or failed to 
conceive, then PGF2 α causes the CL to regress by day 14 or 15 
(Rubianes et al., 2003). The decrease in P4 thus allows oestrus and 
ovulation to occur again (Thimonier, 1979). The ovine trophoblastic 
proteins inhibit endometrial PGF2α secretion. In the absence of 
endometrial PGF2α secretion, the CL continues to secrete P4 necessary for 
pregnancy maintenance (Denamur et al., 1973). An understanding of 
these events in the cycle has allowed  development of tools for 
synchronizing oestrus (Haresign, 1992). 
 
1.2.7 Ovarian Steroids Control of the Preovulatory LH Surge 
 Progesterone (P4), in terms of the cumulative duration of its effects, 
is the most important ovarian steroid secreted during the lifetime  of the 
female mammal and is central to the complex regulation of normal 
reproductive function (Skinner et al., 2000). This occurs principally by 
regulatory effects on GnRH secretion from the hypothalamus (Skinner et 
al., 1998; Skinner et al., 1999), but how and where these effects of P4 are 
transduced remain poorly understood. During the luteal phase of the 
oestrous cycle, P4 produced by the CL inhibits hypothalamic GnRH 
secretion, and consequently, peripheral gonadotropin concentrations are 
low (Skinner et al., 2000). Furthermore, these authors reported that the 
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follicular phase, which is initiated by the decline in circulating P4 
concentrations that occurs after luteolysis, is characterized by increased 
gonadotropin and oestrogen secretion. This rise in circulating oestrogen 
induces the preovulatory LH surge, which is caused by abrupt and 
continuous increase in GnRH secretion (Moenter et al., 1990; Evans et 
al., 1994; Karsch et al., 1997; Skinner et al., 1997).  
 Several studies on the acute effects of oestrogen and P4 on 
gonadotropin secretion, both alone and combined, have shown that 
oestrogen and P4 both have independent regulatory effects on LH 
secretion (Dierschke et al., 1973; Brann and Mahesh, 1991; Burke et al., 
1996) and that the actions of P4 can also be influenced by prior or 
concurrent oestrogen treatment (Brann and Mahesh, 1991; Burke et al., 
1996; Girmus et al., 1996; Skinner et al., 1998). 
 The possibility that P4 could have long-term central effects has 
long been recognized in terms of reproductive behaviour, in which pre-
exposure of the system to P4, prior to stimulation by oestrogen, is 
required for the expression of oestrogen-induced aspects of sexual 
behaviour (Karsch et al., 1980; Fabre-Nys and Martin, 1991). In support 
of an effect of luteal phase P4  exposure on the functionality of the system 
during the follicular phase, Karsch et al. (1980) and Fabre-Nys and 
Martin (1991) have shown that P4 priming delays the oestrogen-induced 
LH surge and that the magnitude of the oestrogen-induced GnRH surge is 
significantly reduced in the absence of P4-priming (Caraty and Skinner, 
1999). Recent work has also suggested that the long-term effects of P4 
may be more complex because the amount of P4, rather than its mere 
absence or presence, can influence the time of onset of the preovulatory 
LH surge during the subsequent follicular phase (vanCleeff et al., 1998). 
 The possibility that the timing of the oestrogen-induced 
preovulatory LH surge could be manipulated using gonadal steroids and 
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the mechanisms responsible for this effect are of great interest for fertility 
research because the timing of ovulation is critical for successful 
fertilization and/or implantation (Skinner et al., 2000). Recent studies in 
the ewe have demonstrated that premature expression of the LH surge 
and, therefore, forced ovulation early in the follicular phase, significantly 
reduces P4 secretion during the ensuing luteal phase (McLeod et al., 
1982; Murdoch and vanKirk, 1998). Furthermore, these authors reported 
that this CL insufficiency leads to a reduction in fertility. A similar effect 
is also seen after the induction of ovulation in anoestrous ewes by 
introduction of a ram; the lack of P4  pre-exposure results in a short luteal 
phase, and the associated conception rates are low (Pearce et al., 1985). 
 
1.3 Ovulation        
The ewe is a spontaneous ovulator. It normally ovulates near the 
end of oestrus (Hansel and Convey, 1983). LH peak occurs about 26 
hours after the onset of oestrus. (Cardwell et  al., 1998). Most oocytes are 
released at 12-24 hours after the onset of oestrus, or 23-25 hours after the 
LH peak (Cumming et al., 1973). The median interval between twin 
ovulations is 1.2 hour (Whyman et al., 1979). The oocytes remain in a 
fertile state for at least 12-18 hour (Killeen and Moore, 1970). Most eggs 
have passed into the uterus by 66 hours after ovulation by which time 
they are in the 8-cell stage (Holst, 1974).                                                                               
In many breeds of sheep, two or more oocytes are shed during 
oestrus. Ovulation rate is 1.2 for Merinos and 3 for the Finnish Landrace 
breed (Cummins et al., 1986). Ovulation rate increases with age and 
reaches a maximum at 3 to 6 years, then declines gradually (Scaramuzzi 
and Radford, 1983). Significantly more ovulations occur on the right 
ovary (53.4%) than left ovary (46.6%) (Scaramuzzi and Downing, 1997). 
The number of ovulations is influenced by nutrition but is largely 
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genetically controlled (Bindon et al., 1979). Generally, ovulation rates are 
higher early in the breeding season than later, but factors such as body 
size, weight, and condition may also contribute to the increase in 
ovulation rate (Scaramuzzi and Radford, 1983).  
The number of hCG-induced ovulations can be used to identify 
sheep that are carriers of large ovulalory follicles typical of a breed and 
present at stages (prepubertal, anoestrus, luteal phase) other than the 
follicular phase (Driancourt et al., 1990). Active immunization of ewes 
against androstenedione increases the number of ovulations but does not 
increase the number of lambs born (Martin et al., 1979). Immunization of 
Merino sheep with a fraction of bovine follicular fluid containing inhibin 
activity increases the ovulation rate (Cummins et al., 1986). A single 
injection of a slow-releasing oxytocin at the onset of oestrus results in a 
higher ovulation rate (King and Coetzer, 1997). 
 
1.4 Corpus Luteum (CL)  
The CL forms from the wall of the follicle, which is collapsed and 
folded following ovulation (Inskeep, 2000). With rupture of the follicle, 
there is a breakdown of tissues that surround the granuloa, particularly 
membrana propria, and haemorrhage into the cavity can occur from 
vessels in the theca. The folds of tissue that protrude inwards into the 
cavity contain granulosa and theca cells and, very importantly, the blood 
vascular system that will support cell growth and differentiation. 
Although the granulosa cell is the dominant cell of the CL, theca cells 
also contribute significantly to the composition of the structure (O'shea et 
al., 1979). The process that granulosa cells undergo during the change 
from oestrogen to progesterone secretion, i.e., luteinization, begins with 
the onset of the preovulatory LH surge and accelerates with ovulation 
(Stabenfeldt, 1992). The main function of the CL is the secretion of P4, 
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which prepares the uterus for the initiation and maintenance of 
pregnancy. Both prolactin and LH are required for luteal function 
(Denamur et al., 1973). However, CL regression is not caused by a 
decreased secretion of pituitary luteotropic hormones but by the action of 
a luteolytic factor, PGF2α (Inskeep, 2000). 
 
1.4.1 Maintenance of the CL 
For domestic animals, LH is the important luteotropin, with the CL 
maintained in either nonpregnant or pregnant animal by a relatively slow 
pulsatile pattern of LH release (one pulse/2-3 hours) (Stabenfeldt and 
Edqvist, 1993). Of the domestic species, the sheep is the only species for 
which prolactin has been implicated as a luteotropin (Denamur et al., 
1973). Normal folliculogensis, a prerequisite for ovulation, sets the stage, 
wherein the development of the postovulatory CL is almost always 
normal. Thus, more attention is paid to factors controlling the regression 
of the CL than to luteotropic factors. 
 
1.4.2 Regression of the CL (Luteolysis)    
Regression of the CL is important in nonpregnant ewes in order 
that animals re-enter a potentially fertile state as soon as possible. Life 
span of the CL following ovulation must be of sufficient duration to allow 
a newly developing conceptus to synthesize and release factors that allow 
the CL to be maintained, yet be relatively short so that a nonpregnant 
animal can return to a potentially fertile state. In the ewe, duration of the 
luteal phase is about 14 days in the absence of pregnancy (Hansel and 
Convey, 1983). This allows the ewe to recycle at relatively frequent 
intervals. 
Regression of the CL is initiated by uterine synthesis and release of 
PGF2α (likely of endometrial origin) at about 14 days postovulation. The 
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mode of transfer of PGF2α from the uterus to the ovary is thought to 
occur either by local counter-current or general systemic transfer. 
Counter-current transfer involves the movement of molecules across the 
blood vascular system from higher concentration in the venous effluent 
(utero-ovarian vein) to an area of lower concentration (ovarian artery) 
(Baird, 1984). Systemic transfer involves passage of the molecules 
through the general circulatory system. In the ewe, PGF2α synthesis from 
a uterine horn only influences the life span of the CL in the ipsilateral 
ovary (Stabenfeldt and Eqvist, 1993). PGF2α is rapidly metabolized 
systemically, with more than ninety percent changed by one passage 
through the lungs. Thus, the system involving the use of PGF2α as the 
luteolytic agent in the ewe requires that PGF2α be conserved through a 
special transfer system, or that it be produced in relatively large amounts 
(Stabenfeldt, 1992).  
The pattern of synthesis and release of PGF2α is essential to its 
luteolytic effect. For example, PGF2α must be pulsatile in form, with 
pulses occurring at about 6-hour intervals, in order for luteolysis to be 
affected (Zarco et al., 1988). The concept has developed that a minimum 
of 4 to5 pulses within 24 hour is required to affect complete luteolysis. If 
pulse intervals increase significantly prior to complete luteolysis, e.g., to 
12 hours, the CL can recover and continue to function, even if at a lower 
level of steroid synthetic activity. The uterus must be exposed to 
oestrogen and P4 in order to synthesize and release PGF2α. While the 
initiation of PGF2α synthesis that leads to luteolysis is not completely 
understood, one possible explanation is that oestrogen (from an antral 
follicle) causes the initial synthesis and release of PGF2α (Zarco et al., 
1988). In sheep, it is thought that an interplay occurs between the uterus 
and ovary following the initial PGF2α pulse, in which PGF2α affects the 
CL to cause both a reduction in P4 production and the release of luteal 
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oxytocin. The oxytocin then interacts with receptors within the uterus to 
initiate another round of PGF2α synthesis (Stabenfeldt, 1992). PGF2α 
synthesis ceases within 6-12 hour after P4 concentrations have become 
basal, i.e., with the completion of luteolysis. 
During the normal luteal regression, there is an abrupt decline in 
plasma P4 concentration (Sarda et al., 1973). A similar cessation of luteal 
function has been demonstrated following infusion of PGF2α in the ewe 
(McCracken et al., 1970; Thorburn and Nicol, 1971). Clinical evidence of 
luteolysis following intramuscular injection or intrauterine deposition of 
PGF2α has been presented by Douglas and Ginther (1973) in the ewe, but 
the mechanisum by which PGF2α brings about this luteolysis is still 
unknown. 
  
1.5 Prostaglandins 
Prostaglandins are 20-carbon unsaturated hydroxy fatty acids with 
a cyclopentene ring. Arachidonic acid, an essential fatty acid, is the 
precursor for prostaglandins most closely associated with reproduction, 
mainly prostaglandin F2α (PGF2α) and prostaglandin E2 (PGE2). The 
PGF2α is released from the uterus into the uterine vein and some of it 
passes by diffusion across the venous wall, through the wall of closely 
adherent ovarian artery and thence into the ovarian arterial blood 
(Ellinwood et al., 1979). Furthermore, these authors reported that the 
mechanism is not entirely clear and some consider that the PGE2 released 
from the uterus of pregnant ewes at the same time as PGF2α may have an 
antiluteolytic effect. 
Most prostaglandins act locally at the site of their production on a 
cell-to-cell interaction and therefore do not conform exactly to the classic 
definition of a hormone. Unlike other humoral agents, prostaglandins are 
not localized in any particular tissue. They are transported in the blood to 
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act on a target tissue away from the site of production. Some forms never 
appear in the blood, whereas others are degraded after they circulate 
throughout the liver and lungs (Hafez, 2000). The PGF2α is the natural 
luteolytic agent that ends the luteal phase of the oestrous cycle and allows 
for the initiation of a new oestrous cycle in the absence of fertilization. It 
is particularly potent in ending early pregnancy in the ewe. 
Prostaglandins may be considered hormones, which regulate 
several physiologic and pharmacologic phenomena, such as contraction 
of smooth muscles in the reproductive and gastrointestinal tracts, 
erection, ejaculation, sperm transport, ovulation, formation of the CL, 
parturition. Prostaglandins are involved in ovulation. For example, in the 
ewe, ovulation is blocked by the administration of indomethacin an 
inhibitor of prostaglandin synthesis (Murdock and Dunn, 1983). Since 
LH release is unaffected in these animals, the action at the level of the 
ovarian follicle involves either or both PGF2α and PGE2. 
  
1.6 Synchronization of Oestrus 
For more than half a century attempts have been made to 
synchronize the period of oestrus in farm animals. Synchronization of 
oestrus is a key component in artificial insemination (AI) programs. 
Despite the low rate of adoption of AI, interest in synchronization of 
oestrus remains high among sheep producers. Synchronizing oestrus 
provides a means for producers to schedule lambing periods, 
concentrating labour needs into a short time-frame and improving 
uniformity of lamb crop for market (Tempest and Minter, 1987). 
Synchronization of oestrus could be accomplished by hormonal or 
nonhormonal methods (Martin et al., 1986). The hormonal methods 
involve the use of the luteolytic hormone PGF2α or suppression of heat by 
administration of long term progestagens with or without gonadotropins 
 22
(Ptaszynska, 2001). The nonhormonal methods include manipulation of 
photoperiod, nutrition and introduction of rams or teasers to ewes. 
 
1.6.1. Hormonal Methods 
Hormonal methods of oesrus synchronization produce their effect 
through artificial prolongation of dioestrus by exogenous P4 or shortening 
it by administration of a luteolysin (Thimonier, 1979). 
 
1.6.1.1. Prostaglandin 
PGF2α and its analogues control oestrus in the ewe (Acritopoulou 
et al., 1977; Boland et al., 1978). PGF2α exerts its effect on the CL 
between days 4 and 14 of the cycle and oestrus occurs 2 to 3 days after 
prostaglandin injection (Rubianes et al., 2003). Response of the ewe to 
prostaglandin treatment is dose dependent (Hackett and Robertson, 1980; 
Narayana, 1987). Hackett and Robertson (1980) noted the effective dose 
of cloprostenol, that causes luteal regression in the ewe, is 125µg. 
Trounson et al. (1976) stated that when a flock of ewes is 
intramuscularly injected with 100 µg cloprostenol (an analogue of 
PGF2α), 84 percent will be in oestrus after 28 to 48 hours. As a proportion 
of the injected ewes will not have a functional CL, i.e., are approaching 
oestrus or have recently been in oestrus and so will have an immature CL 
which is refractory to the drug, it is better to give a second injection 10 
days later when all corpora lutea will be susceptible and so all ewes 
should show oestrous behaviour (Douglas and Ginther, 1973). 
Many investigators (Haresign and Acritopoulou, 1978; 
Acritopoulou and Haresign, 1980; Loubser and vanNiekerk, 1981) 
recommended a protocol of double injection of PGF2α 9-11 days apart in 
order to bring all ewes into synchronized oestrus, as ewes are only 
responsive to prostaglandin at mid or late luteal phase of the cycle. 
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Greyling et al. (1980) reported an interval of at least 11days is important 
when using prostaglandin for synchronization of oestrus in the ewe. 
However, Rommel et al. (1985) using cloprostenol, reported low 
conception rates with intervals of 7 and 12 days compared to 9 days 
interval. Recently, Beck et al. (1996) recommended an interval of 9 days 
as an optimal protocol for synchronization of oestrus in the ewe using two 
doses of prostaglandin F2α.  
 
1.6.1.2 Progestagens 
Progesterone prevents the ewe from returning to oestrus and 
ovulating. Therefore, supplementing the ewe with P4 for a period equal to 
the duration of the life of the CL (so that all corpora lutea already present 
on the ovaries have regressed), then withdrawing it, will synchronize the 
release of LH, oestrus and ovulation in a group of ewes (O’Doherty and 
Crosby, 1990). The natural hormone is the most desirable because it is 
cleared rapidly from the body after withdrawal (Tritschler et al., 1991). 
However, the ability to incorporate adequate amounts of progesterone 
into suitable delivery devices that can maintain high concentrations in the 
ewe throughout the treatment period has been a limiting factor. Generally 
the principle behind the use of the progestagens (synthetic analogues of 
P4) is that they mimic the function of the CL, resulting in a negative 
feedback effect upon the anterior pituitary and a suppression of cyclic 
activity initiated by the release of gonadotropins. When the P4 source is 
totally removed, there is a return to cyclic activity (Wani et al., 1987). 
Several routes are used to administer progestagens in the ewe. These 
include oral, intravaginal and implants under the skin.  
Melengestrol acetate (MGA) is an orally active, synthetic 
progestagen developed and used to suppress oestrus in feedlot heifers. 
The product can also be used to suppress oestrus in ewes (Powell et al., 
 24
1996). The use of this product requires feeding of a supplement 
containing MGA once or twice daily for a duration of 8 to 14 days. 
Oestrus responses to MGA feeding vary, but are usually higher with 
combined treatment (Fitzgerald et al., 1985; Mutiga and Mukasa-
Mugerwa, 1992). Protocols usually include combined treatment with 
PMSG. 
A progestagen impregnated sponge, pessary or tampon can be 
inserted into the vagina of each ewe (Leyva et al., 1998), as it is readily 
absorbed at a sufficient rate and easy to apply. The usual recommendation 
is that it be left in for 14 days but Godfrey et al. (1997) reported that a 
period of 10 days gives the same degree of synchronization and higher 
fertility. Most ewes will show oestrous behaviour about 40 hours after 
removal of the tampon, but a proportion will not become pregnant. If 
ewes are not mated at the oestrus following removal, the subsequent 
oestrus will have higher fertility but less synchrony (Smith et al., 1981). 
Powell et al. (1996) reported that sponges impregnated with potent 
progestagens such as flurogestone acetate (FGA) and methyl 
acetoxyprogesterone (MAP) are effective at lower doses than natural 
progesterone. Intravaginal sponges are usually inserted over periods of 9 
to 19 days  and they have high retention rate and females usually exhibit 
oestrus 24 to 48 hours after removal (Quispe et al., 1994). 
The use of intravaginal sponges impregnated with progestagen for 
synchronization of oestrus in the Merino ewe has commonly resulted in 
conception rates below those initially reported (Haresign, 1992). 
Furthermore, this author reported that  Known contributory factors are the 
relative infertility of the semen of individual rams, the dose of 
progestagen impregnated in the sponge,  method of impregnation and 
subsequent amount absorbed. Field application has shown that the 
incidence of oestrus following treatment has, on occasions, been low and 
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there have been reports of ewes not cycling after treatment (Leyva et al., 
1998). 
The controlled internal drug release (CIDR) devices are usually 
made of cones covered with progesterone impregnated medical silicone 
(Welch et al., 1984; McMillan, 1986). Protocols for the use of CIDR 
devices are usually identical to protocols for intravaginal sponges. 
However, these devices have advantages over the vaginal sponges, 
because they are easy to insert, remain in situ and on withdrawal, there is 
no fluid discharge as occasionally seen at sponge removal. This is 
attributed to the shape of the dispenser which permits fluid drainage. 
Research has shown that CIDR devices and intravaginal sponges yield 
similar results (Fukui et al., 1991; Fukui et al., 1993). 
Synchromate B is a cattle implant that contains 6 mg of the 
synthetic progestagen norgestomet. One-third or one-half of the 
synchromate B implant is used in sheep and goats (Mellado and Valdez, 
1997). This implant is usually placed under the skin of the ear or the pite 
of the leg. Implantation periods range from 9 to 14 days. 
 
1.6.1.3 Progestagen and PMSG 
Progestagens are widely used in conjunction with gonadotropins to 
synchronize oestrus and increase ovulation rates in the ewe (Cumming, 
1976; Langford et al., 1983). Pregnant mare’s serum gonadotropin 
(PMSG) is more commonly used because of its relatively long acting 
effect and only a single injection is required compared with pituitary 
extracts of horses and pigs, which are short acting and require frequent 
injections to sustain their effect. PMSG can be given at the time of 
removal or 48 hours prior to the removal of progesterone sponges, 
pessaries or implants. Oestrus occurs 24-48 hours after PMSG injection 
(Robinson et al., 1987).  
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PMSG injected at the time of sponge removal advances the onset 
of ovulation (Boshoff et al., 1973). Tibary et al. (1988) reported that 
injection of PMSG followed sponge removal, improved the ovulation rate 
in D’Man and Trimahdite ewes. The breed of the ewe does not seem to 
affect synchronization of oestrus by any of the hormonal treatments 
(Tekin et al., 1992). 
 
 
1.6.2 Nonhormonal Methods 
Ovulation in ewes may be stimulated by sudden introduction of 
rams or teasers, provision of a high quality supplement or sudden 
appearance of green feed. Regardless of what the stimulus that causes the 
onset of oestrus, the hormonal interactions that occur as a result are the 
same. 
Introduction of rams to ewes during the transition from anoestrous 
season to breeding season stimulates them to ovulate within 3 to 6 days, 
and oestrous activity occurs 17 to 24 days later. Sexual behaviour of ram 
is also important in initiating ovarian cycle activity (Perkins and 
Fitzgerald, 1994). The CL of the first ovulation regresses prematurely in 
about half the ewes and is followed by a second with ovulation associated 
with normal luteal activity. Response of anovular ewe to the ram is due to 
an androgen-dependent pheromone secreted by the sebaceous glands of 
the ram (Knight and Lynch, 1980). 
Introduction of a ram to ewes that have been isolated from rams 
and their odour, can induce ovarian activity (Martin et al., 1986). Forty 
eight hours after the introduction of a ram, most females ovulate but do 
not display oestrus. Sudden introduction of a ram, early in the breeding 
season, stimulates anovular ewes to ovulate within 2 to 3 days (Knight et 
al., 1978; Oldham et al., 1978). However, majority of the ewes ovulate 
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within 6 days of male introduction, but the first heat is usually silent 
(Oldham and Martin, 1978; Pearce et al., 1985). Ovulation is followed by 
formation of normal or short-lived (5-6 days) CL. After regression of a 
normal CL, most ewes display oestrus 19, 25 and 31 days after the ram 
introduction. 
Watson and Radford (1960) stated that, in order to produce the ram 
effect, ewes should be isolated from all physical or visual contacts with 
males. The unaccustomed presence of a ram activates the hypothalamic 
centres controlling the frequency of LH pulse resulting in ovulation. A 
ram-produced pheromone is believed to induce early ovulation and 
subsequent oestrus activity (Knight and Lynch, 1980). An isolation 
period of at least several weeks is a commonly accepted requirement for 
ewes to respond well to the pheromone (Oldham, 1980; Martin et al., 
1986). Cohen-Tannoudji and Signoret (1987) stated that a period of 
sexual isolation is necessary to obtain a male effect in sheep, but brief 
contacts of the ewes with rams will not compromise a subsequent use of 
the male effect. However, Cushwa et al. (1992) reported that the ram 
effect can be achieved without prior isolation of ewes from rams. Ewe 
response to the ram effect increases as the start of the normal breeding 
season approaches. The ram effect produced by Dorset and Romney rams 
was different due to differences in pheromones produced (Terivit and 
Peterson, 1978). Ram stimulation could be used to advance date of 
conception and to induce compact lambing (Burtening et al., 1989). 
Furthermore, the percentage of ewes lambing is higher in the ewes 
stimulated by the ram effect than unstimulated ones. Aksoy et al. (1994) 
stated that a combination of ram introduction and progesterone treatment 
is an effective method for induction of oestrus in the nonbreeding season. 
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1.7 Breeding  
Most of the world population of sheep is managed under free 
grazing conditions where natural mating is widely practiced. Unlike with 
cattle, AI of sheep has been generally limited, owing to the high cost of 
labour, difficulty of accurately identifying superior sires and low 
conception rates, especially with frozen semen (Fukui et al., 1993). 
Although rams will mate and are fertile at any time of the year, they have 
higher levels of reproductive hormones during winter when ewes are 
having regular oestrous cycles (Hecker,1983). The average ejaculate from 
a ram is about 1ml and contains 3.6×106 sperm. A ram can ejaculate 20 to 
40 times per day without a significant decrease in sperm number in each 
ejaculate (Simpson and Edey, 1979). Usually a ewe in oestrus will be 
served by a ram or rams several times but in each ejaculate there are 
sufficient numbers of sperm to inseminate 20 or more ewes by AI 
(Mattner and Braden, 1967). Although up to 5 percent of rams are used in 
flocks, as low as 1 percent may be adequate. A common ratio of rams to 
ewes is 2 percent. Even when ewes are synchronized so as to come in 
oestrus within 3 to 5 days of each other, 5 percent of rams are considered 
sufficient for maximum mating activity and conception rate (Laster and 
Glimp, 1972), probably because after a brief busy period rams will only 
be lightly used.  
Rams continuously mating produce volumes of semen and numbers 
of sperm per ejaculate that are well below those considered adequate for 
AI. Ewes mated more than once are more likely to conceive than those 
mated only once. There is evidence that aggressive behaviour of rams 
directed at ewes was negatively correlated to LH. Effects of the ewe on 
LH secretion of rams depend on length of the exposure period and sexual 
activity of the male (Perkins et al., 1992).  
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Copulation usually occurs before ovulation, and therefore sperms 
are present in the oviduct by this time. Other sperms are stored in the 
cervix (up to 3 days) and are continually released into the uterus, where 
they survive for about 30 hours. Eggs may remain viable for 10 to 25 
hours, but abnormal development and lowered viability appear to increase 
with the age of either the sperm or ovum. In the ewe, eggs enter the uterus 
about 66 hours after ovulation (Holst, 1974). 
 
 
 
1.7.1 Breeding Practices    
     Sudan Desert sheep tend to breed at certain periods of the year 
in such away that lambs are dropped when range fodder is at its best. 
Lambing seasons are greatly influenced by the nutritional status of the 
dam. Peak conceptions occur when ewes are on a rapidly rising plane of 
nutrition (HTS, 1974). A few ewes may miss the traditional breeding 
season and breed in the rainy season to lamb in winter. Winter lambing is 
to be preferred to summer lambing because pregnancy will occur during 
and following the rainy season, when pasture is lush and temperature is 
mild (Suleiman et al., 1978). Some ewes occasionally divert from these 
two seasons and breed in late September or October. If allowed to remain 
in the flock, they would lamb during the period of feed and water 
shortage which lasts from February to May. Thus, the open breeding 
season results in many lambs being born at adverse time of the year. The 
off-season ewes are usually identified in early pregnancy and sold for 
slaughter. However, a good number of births can occur at times of year 
when females are in poor condition and deaths are high in both mothers 
and young. To avoid these occurrences, mating is obstructed with the use 
of the kunan (a cord with a loop at each end, one knotted over the penis 
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and the other over the neck of the scrotum). The kunan is released in 
about mid-December when traditional breeding commences, which lasts 
for 30 to 45 days. The advantage of closed breeding seasons, is in 
enabling parturition to occur at the most favourable time of the year 
(HTS, 1974). 
The flabby base of the ewe’s tail hampers immediate mating unless 
an assistant quickly intervenes by holding the ewe and shifting the tail 
with his other hand while the ram stands by to mount. In most cases one 
mount affects successful mating and conception. On the same day that the 
ewes show heat, they are distributed among the available rams to avoid 
exhaustion and a decline in fertility of the rams. Kunans are refixed on 
rams immediately after the conclusion of the breeding season. In the 
southern part of the semi-desert belt where winter grazing can sustain 
suckling ewes and lambs, kunans are removed from June to August to 
cover the few ewes that missed the main breeding season. 
About eighty percent of ewes drop lambs in June and July. There 
are many twinners, triplers and single lambing ewes, and the lambing 
period, like the breeding season, is followed with great dedication. Sheep 
are usually grazed close to the camp whenever grazing conditions permit. 
All young lambs are retained in the camp and guarded and first lambers 
are kept with their lambs for two or three days to avoid lamb refusal 
(Wilson,1981). Orphan lambs and those refused by dams are nursed on 
ewes which have lost lambs or nanny goats maintained with the sheep for 
such a purpose. Lamb’s life in its earlier days dependent on the dam and 
any restriction on the dam’s conditions would inflict serious effects on 
lamb survival. Only late during suckling will these lambs be able to make 
up for some of the feed inadequacy by grazing (Suleiman et al., 1978). 
Eventually the older lambs are herded to nibble on vegetation 
around the camp. In late afternoon the flock is turned from grazing and 
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lambs are allowed to join the dams and stay with them until next 
morning. At the age of one month lambs are usually allowed to run 
continuously with dams until they are weaned at three months. At 
weaning age lambs are sorted out for breeding or market stock. Under the 
semi-residential and residential systems, where the holdings are 
comparatively small, sheep are marketed at weaning age as entire male 
lambs. Under the migratory system males for market are castrated and 
retained to the age of one to three years to reach the condition and size 
required by sheep exporters (Wilson, 1976). 
 
 
1.7.2 Sexual Season 
In the temperate zone, sheep are seasonally polyoestrous, which 
means that (unless mated) they will regularly exhibit oestrous cycle for 
several months of the year (Thimonier, 1981; Hanrahan and Russel, 
1993). The length of the sexual season varies with day length, breed and 
nutrition. This seasonality is governed by photoperiodicity with oestrous 
activity commencing during a period of decreasing day length, so that 
oestrus occurs in late autumn and winter. In the tropical zones, where 
variation in day length is less, indigenous sheep tend to breed throughout 
the year. Therefore, when temperate breeds are introduced into the 
tropics, they gradually lose their seasonality and follow the breeding 
patterns characteristic of the new environment (Jainudeen et al., 2000). 
High environmental temperature and lack of feed may restrict sexual 
activity during some months of the year in the tropics (Sahni et al., 1976), 
but shortly after the onset of the rainy season, sexual activity increases.  
Genotype influences the sexual season. The Dorset, Merino and 
Rambouillet sheep breeds, which originated near the equator, have longer 
sexual seasons than British breeds such as the Southdown, Shropshire and 
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Hampshire, this is influenced in general by the latitude from where they 
originated and that where they are kept (Cognie and Mauleon,1983). 
Ewes transferred from one hemisphere to the other adopt the seasonality 
of the new hemisphere after a period of about a year during this period 
the pattern of oestrus is irregular (Jainudeen et al., 2000). 
During summer, the ovaries of anoestrous ewes develop follicles 
and secrete oestradiol when stimulated with LH. Follicular activity 
changes throughout the year in synchrony with the circannual patterns of 
prolactin secretion and day length, but apparently fluctuations in prolactin 
are not related to seasonality of mating in sheep (Munro et al., 1980). 
However, Walton et al. (1980) reported that the seasonal anoestrus may 
be due to prolactin as shortening of day length produces no change in 
FSH or LH but a decrease in prolactin level. Low progesterone increases 
the size of the largest follicles and the age of the oldest ovulatory 
follicles. Embryos resulting from the ovulation of the older and younger 
follicles in the same ewe do not differ in their ability to survive (Johnson 
et al., 1996). 
Frequency of LH discharges depends on the response to the 
negative feedback effect of oestradiol; the response is low during the 
breeding season, rises during transition into anoestrus, and remains 
elevated until the onset of the next breeding season, when it diminishes 
again (Foster and Karsch, 1975). Melatonin mediates the response to 
changes in the photoperiod. Melatonin levels are high during dark periods 
and low during light periods; probably these differences in the pattern of 
melatonin secretion act as a signal indicating day length to the 
neuroendocrine axis. There is evidence to suggest that premammillary 
area of the hypothalamus is an important target for melatonin to regulate 
reproductive activity (Malpaux et al., 1998). 
 
 33
1.8 Pregnancy Diagnosis 
A general review of methods for pregnancy diagnosis in the ewe is 
given by Richardson (1972). A pregnancy test (rosette inhibition test) has 
been developed, which with an occasional false negative can detect 
pregnancy as early as 1 to 3 days of mating (Morton et al., 1979) but it 
does not work after 4 weeks of pregnancy. As hCG-like hormones are not 
produced in pregnant ewes, there is no test similar to the currently used 
human pregnancy tests. Apart from the rosette inhibition test, the simplest 
methods for diagnosing pregnancy are either to look for oestrous 
behaviour 16 to 19 days after mating or to take samples of blood on days 
10 and 17 after mating. Progesterone should be present at greater than 
1ng/ml in both samples if a ewe is pregnant but should be negligible in 
the second sample if she is not (Hecker,1983). If the mating dates of ewes 
are not known, then three samples should be taken, on days 1, 6 and 12 
(Wenham and Robinson, 1972). A low level (< 1ng/ml) in one is 
suggestive that a ewe is not pregnant. 
Pregnancy diagnosis may be required after implantation has 
occurred. Assay of ovine chorionic somatomammotropin after day 55 is 
99 percent accurate (Robertson et al., 1980). Radiographic examination is 
accurate for diagnosis of pregnancy and for foetal numbers with a 
detection level of over 90 percent after 70 days and over 99 percent after 
81 days (Wenham and Robinson, 1972). But the most accurate method 
for diagnosis of pregnancy is by transrectal (Strmsnik et al., 2002) or 
transabdominal (Amiridis et al., 2005) ultrasonography.  
   
1.9 Gestation Length 
The normal gestation length for sheep is about 150 days; the length 
varies between breeds and individuals. The early maturing and the highly 
prolific breeds have shorter gestation periods than the slow-maturing 
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wool breeds (Hafez, 1993). Individual gestation periods within a breed 
vary up to 13 days. Heredity plays an important role in determining 
gestation length. Genotype of the foetus accounts for almost two-thirds of 
the variation in gestation length of sheep. Male lambs are carried longer 
than female lambs, spring-born lambs longer than fall-born lambs, and 
singletons longer than twins. Gestation length also increases with age of 
the dam (Hafez, 1993). 
Pregnancy lasts for slightly longer in Merino than in British breeds 
of sheep, being about 150-154 days in the former and 144-148 days in the 
latter. After about 40 days, blood P4 level commences a steady rise due to 
the placental production of this hormone and it reaches a peak shortly 
before parturition. After 40 days, the ovaries can be removed without 
inducing abortion as adequate P4 is produced by the placenta by this time 
(Cox, 1975). 
Payne (1992) reported that the gestation length of most indigenous 
tropical sheep appears to be the same as that in temperate sheep with a 
range of 140-160 days. Average gestation length in Sudan Desert sheep is 
154.4 days with Shugor showing 151.3 days; Dubasi 150.8 days (FAO, 
1991a); and Zaghawa 153 days (FAO, 1991b). Recently, Manahil (1999) 
reported a mean gestation length of 152.9 days for Hamari ewes. 
Moreover, the crossbred ewes have longer gestation length than the pure 
Hamari or Watish ewes. 
 
1.10  Postpartum Period  
Changes occurring in the reproductive system during the 
puerperium include uterine involution and resumption of ovarian activity. 
Uterine involution is completed by 27 days and precedes the first oestrus 
postpartum (Jainudeen et al., 2000). In the seasonal breeders, postpartum 
intervals to first oestrus and ovulation are markedly affected by the 
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season of parturition. Therefore, the interval may be as short as 5 to 6 
weeks or as long as 10 weeks (Clarke et al., 1984). If parturition occurs 
during the breeding season, ewes will resume ovarian activity and 
conceive. The first postpartum ovulation in ewes that lamb during the 
breeding season occurs within 20 days and is not associated with overt 
oestrus. Factors other than season that influence the resumption of 
ovarian activity include suckling, breed and nutrition (Shevah, 1974; 
Restall and Starr, 1977). 
The interval between parturition and first postpartum oestrus is an 
important trait which contributes to the productive efficiency of the ewe 
(Rubianes and Ungerfeld, 1993). Postpartum anoestrus in the ewe lasts 
for 76 days (Mukosa and Lahlou, 1995). The Finn sheep resumes ovarian 
activity about 45 days after lambing. Thus, it could be mated during 
lactation and coud have two lamb crops per year (Maijala and 
Kangasniemi, 1972). In tropical sheep, first oestrus occurs about 40 days 
after parturition (Williamson and Payne, 1965), and lambing intervals of 
less than 200 days are theoretically possible. 
 
1.11    Fertility 
Conception rate are about 85 percent in mature sheep in temperate 
zones during midbreeding season. The average lambing rate is about 150 
percent. Marked differences occur in ovulation rate as a result of breed, 
age, season and nutrition (Robinson, 1990). Fertility is depressed near the 
equator at the beginning and end of the breeding season. Fertility is also 
depressed during hot climates, in under-nourished or overly fat females, 
in young and old females, when the oestrogen content of forage is high, 
and when the females are parasitized or suffering from disease or other 
stress (Noakes, 1998). 
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Ovulation rate can be increased by flushing, changing the plane of 
nutrition, (Thomas et al., 1987). Ewes in normal body condition respond 
to flushing during the early part of the breeding season and during the late 
breeding season, but not during midseason. Heat stress and insufficient 
nutrition depress the reproductive performance of temperate breed of 
sheep (Sahni et al., 1976). 
It is well established that female sheep mated in their first year 
show low fertility than adult ewes (Dyrmundsson, 1973). There are 
several indications that female sheep continue to be reproductively 
immature for some time following puberty, where puberty is defined as 
the occurrence of first oestrus. These include a shorter duration and low 
intensity of behavioural oestrus than in ewes or yearlings (Hafez, 1952; 
Dyrmundsson, 1978), a lower ovulation rate (Wheeler and Land, 1977; 
Meyer, 1979), smaller litter size (Dyrmundsson, 1973) and higher 
embryonic mortality (Hamra and Bryant, 1979). In addition, Hafez 
(1952), Dyrmundsson and Lees (1972), Keane (1975) and Quirke (1978) 
have all reported long or irregular oestrous cycles in ewe lambs. These 
authors assumed that silent heat occurred between two overt oestrous 
periods in cycles longer than 26 days. Occurrence of sexual maturity in 
sheep is related to a target weight, which can be intrinsic to the animal or 
influenced by nutritional level and management (Allen and Lamming, 
1961; Younis et al., 1978; Suleiman, 1982). Such effects also influence 
the ovulation rate and the intensity of heat in maiden ewes at puberty. 
Reproductive performance of ewe lambs is seldom comparable with that 
of mature ewes of the same breed (Dyrmundsson, 1973). On average only 
63 percent of animals mated during the natural breeding season or at 
induced oestrus produce lambs (Quirke et al., 1983). Furthermore, the 
vast majority of ewe lambs bred at natural oestrus produce singletons, 
with twins being uncommon and triplets a rarity (Dyrmundsson, 1973). 
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Investigations into the cause of this subfertility have established 
that, for the majority of animals, oestrous cycle length and fertilization 
rates are the same as for mature ewes (Quirke et al., 1983). However, 
fertility is markedly reduced by high rates of embryonic mortality that 
result in lambing rates of 16 to 76 percent and reduced litter size (Hamra 
and Bryant, 1979; Quirke et al., 1983; Bolet, 1986). Hare and Bryant 
(1985) reported embryo losses to be 20 percent higher in animals mated 
at puberty compared with second or third oestrus. Furthermore, weight of 
a gimmer at first lambing has an important effect on her future 
reproductive performance. This is particularly so because while the ewe 
lamb is still growing, pregnancy could cause a growth check unless 
adequate nutrition is provided. A growth check in the pregnant gimmer 
may delay return to oestrus after parturition and hence extends the 
lambing interval. Underweight pregnant gimmers may abort the foetus 
(Suleiman et al., 1990). 
Tanmia, an independent consultant group, in their feasibility study 
(1977) for Elwaha Animal Production Project about 50 km south of 
Khartoum, reported that ewes under irrigated pasture and in an open 
breeding system could lamb three times in two years at a rate of 150 
percent each time and they could, therefore, achieve a lambing rate of 
about 225 percent. Wilson (1976) reported a lambing rate for a nomadic 
flock of Sudan Desert sheep in Southern Darfur Provine to be 146 
percent. Under a residential system at ElHuda Sheep Research Station, 
Suleiman and Eissawi (1984) reported an overall lambing rate of 119 
percent and a rate of 125 percent for the Shugor variety alone. This 
subnormal rate can probably be attributed to the low nutritional level 
experienced by sheep for a considerable portion of the year. 
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1.12    Castor Bean Plant (Ricinus communis)   
Castor been plant shows a great variation in habitat and invades a 
large scale of natural pasture in many parts of the country. The plant has 
traditional medical uses. However, the plant is known to be toxic. 
The oil and seed have been used as folk remedies for various 
ailments. Castor oil is still in use as a purgative. The beans are 
traditionally used by women as a contraceptive agent. Castor oil pomace, 
the residue after crushing, is toxic but can be detoxicated by boiling, so 
that it can safely be fed to livestock (Purushotham et al., 1986). 
 
 
 
1.12.1 Plant Chemistry 
According to C.S.I.R. (1976), chemical analysis of the seed 
revealed the following composition: 
   
 
 
 
  
 
 
 
 
According to Elnaiem (2003), analysis of castor oil, was carried at 
Processing Research Institute (PRI), University of Gezira, revealed the 
following fatty acid composition: 
Component Percentage 
Moisture 5.1-5.6 
Protein 12.0-16.0 
Oil 45.0-50.6 
NFE 3.1-7.0 
CF 23.1-27.2 
Ash 2.0-2.2 
Fatty acid Percentage Ricinoleic 89.5 
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1.12.2  Plant Toxicity 
Castor beans toxicity has been known since ancient times (Rauber 
and Heard, 1985). Castor oil is obtained from the seeds but the rest of the 
plant is considered to be extremely poisonous. The seed contains 2.8-3.0 
percent toxic substances, and poisoning by ingestion of the seed is due to 
ricin. If the seed is swallowed without chewing, and there is no damage to 
the seed coat, it will most likely pass harmlessly through the digestive 
tract. However, if it is chewed or broken and then swallowed, the ricin 
toxin will be absorbed by the intestines (Aplin and Eliseo, 1997). On the 
other hand ricin produces antigenic or immunizing activity, producing in 
small doses an antitoxin analogous to that produced against bacteria 
(Vitetta and Thorpe, 1991). 
Oral lethal doses of the seed as cited by Elnaiem (2003) are as 
follow: 
 
 
 
Linoleic 4.2 
Oleic 3.0 
Stearic 1.0 
Palmitic 1.0 
Dihydroxystearic 0.7 
Eicosanoic 0.3 
Linolenic 0.3 
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Species Lethal dose (g/kgbwt) 
Horse 0.1 
Ox 2.0 
Calf 2.5 
Sheep 1.25 
Goat 5.5 
Piglet 2.4 
Rabbit 1.0 
Pig 1.4 
Goose 0.4 
Hen 14 
 
1.12.3  Castor Beans Effects on Mammalian Reproduction  
Okwuasaba et al. (1991) stated that anti-implantation and anti-
conception effects of R. communis on female rat and rabbit may be due in 
part to oestrogenic action of castor bean extract. The influence of castor 
beans on mammalian reproduction was also studied by Makonnen et al. 
(1999), who noted anti-implantation and abortifacient effects of castor 
bean extract on guinea pigs, in addition to that the bean extract prolonged 
the oestrous cycle of these animals. However, in farm animals, Elnaiem 
(2003) reported that castor beans induce luteolysis and synchronize 
oestrus in Nubian goats. This finding was confirmed by Elsheikh et al. 
(2004), who reported that feeding castor beans to cyclic Nubiaon goats 
induces luteolysis of the corpus luteum.  
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CHAPTER TWO 
Materials and Methods 
 
2.1 Study Area 
This study was conducted at Nyala town, the capital of Southern 
Darfur State, which is situated at latitude 12° 04′ N and longitude 24° 53' 
E approximately 900 km southwest of Khartoum. The town lies at an 
altitude of 650 meters above mean sea level. Nyala is a big commercial 
centre for agricultural and livestock marketing and with considerable light 
industries; a weaving factory, a tannery and a number of groundnut 
processing and soap factories. In addition to the fact that general public 
facilities are concentrated in Nyala. The massive migration to the town 
due to droughts, tribal conflicts, job opportunities is behind the dramatic 
population growth (WRM, 1993). 
The climate in south Darfur is controlled by the seasonal 
movement of the intertropical convergence zone (ITCZ) associated with 
the sun and is typical of the rich savannah belt. 
During winter months the intertropical front lies to the south of the 
equator and south Darfur is in a zone of dry northeasterly winds and 
average temperatures are around 24°C. With the northern movement of 
the sun during February to April, the front moves northwards and 
temperatures rise to an average of 30°C in May. From June to September 
the front lies to the north of the area of south Darfur then lies in the south-
westerly moist monsoon air stream from the Atlantic. Overlying this air 
stream are moist easterlies from the Indian Ocean. Travelling 
disturbances in the winds initiate the fast westwards moving local 
conventional thunderstorms with their proceeding strong winds and 
intense, short duration rainfall. These storms mainly occur during 
afternoons and evenings, and the wind often causes traditional dust storm 
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(haboob). All the rainfall is associated with this period. Their monthly 
distribution reaches the maximum in August. With the retreating front the 
last rains fall in October. Rainfall amounts increase from 300 mm in the 
north to 600 mm/annum in the south (WRM, 1993). 
 
2.2 Experimental Animals 
Thirty parous Sudan Desert ewes (Hamari) and 2 rams of the same 
type were purchased from Nyala livestock market in the period between 
October and November 2004. The ewes were approximately 2 years old 
and at an average live weight of 36.3 ± 4.7kg. The rams were 3 years old 
and about 46 kg live weight. 
On purchase, the following features were carefully inspected: 
1. Feet. These may need cleaning or trimming. 
2. Teeth. Looseness or loss of incisor teeth should be noted. The 
molar and premolar teeth are difficult to inspect and the state of the 
incisor provides a poor indication of the condition of the cheek 
teeth (Richardson et al., 1979). 
3. Udder. An undeveloped udder in a ewe is a sign that she has never 
had a lamb while a pronounced asymmetry or a lump indicates 
previous mastitis. 
4. Testes. Asymmetry is suggestive of epididymitis but can be due to 
other conditions such as a varicocoele (Watt, 1978; Ott and 
Memon, 1980). 
5. Infected lymph nodes. Enlargement of the peripheral lymph nodes 
(usually the prescapular or prefemoral nodes) is suggestive of 
caseous lymphadenitis. 
6. Body condition. It is best assessed by palpating the relative 
prominence of the transverse and dorsal processes of the lumbar 
vertebrae (Williams, 1978). 
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7. Chronic cough. Sheep should be allowed to settle down before 
listening for a cough. If several sheep are introduced at one time, 
any that have an unusually rapid respiration rate may be suspected 
of having a lung lesion. 
Before introduction to the animal house, all the animals were 
sprayed with a suitable insecticide against ectoparasites then they were 
subjected to quarantine for 48 hours to allow the insecticide to act so as to 
avoid contamination of the house. Thereafter each animal was identified 
with a numbered plastic ear tag and a necklace bearing the same number. 
After introduction to the house, sheep were observed for a few days to 
ensure that they became accustomed to a change of diet. 
 
2.3 Age Determination  
No information on the ages at teeth eruption is available for 
western Sudan sheep (HTS, 1974). In Black Persian sheep under similar 
or slightly drier conditions the eruption of permanent teeth has been 
observed to be as follows: One pair, 12 to 27 months; two pairs, 18 to 33 
months; three pairs, 24 to 45 months; and four pairs, above 28 months 
(Starke and Pertorius, 1955). The most likely times of eruption were 
noted to be 14-20 months, 21-25months, 26-32 months, and above 32 
months respectively (Starke and Pretorius, 1955). Average eruption times 
for British sheep have been recorded as 15, 21, 27, and 35 months (Miller 
and Robertson, 1959). Breeds of Sheep generally considered to be slow-
maturing do not necessarily have significantly different eruption patterns 
to breeds which are early maturing (HTS, 1974). 
The exact ages of these animals were unknown at the time of 
purchase and thus were estimated by dentition. For the purpose of 
dentition in this study, teeth eruptions have been arbitrarily set at 15, 21, 
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27 and 33 months of age respectively for 1, 2, 3, and 4 pairs of permanent 
incisors. 
 
2.4 Management 
Sheep require little routine maintenance in the animal house. The 
periodic attention that they might need includes regular drenching for 
internal parasites, spraying against ectoparasites, trimming of overgrown 
hooves and shearing when necessary. 
 
2.4.1 Housing 
The house was constructed from local building materials. Frame of 
the house was made from hard wooden poles. The length was 9 m, width 
5 m and height 2 m. Therefore, total area of the floor was 45m2,  divided 
into three group pens each of 15 m2 (floor area per animal was 1.5 m2). 
Division was made by partitions or sides in form of bamboo slats with 
bamboo stick frame. The house was semicovered and the partial roof was 
also made from dense mats of bamboo slats. The covered area constituted 
a shelter where animals had their rest. Whereas the uncovered area 
constituted a yard for feeding and drinking. This area was also utilized for 
exercise, since feed and water troughs were removable. 
The house was open-sided. Sides were of 1m height, made in form 
of mats from bamboo slats, but less dense than that of the roof to 
facilitate ventilation. Three gates were made on one side that led to the 
yards of the group pens. The floor was just earth bedded with sand. 
 
2.4.2 Health and Disease Control 
Before introduction to the house, all the animals were sprayed 
against ectoparasites with Vetarin 10 EC (Advanced Agrochemical and 
Veterinary Products Industrial Co., Jordan) at a dilution rate of 1:1000. 
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On introduction, each animal was drenched with Albendazole oral 
suspension 10% (Shenyang Veterinary Pharmaceutical Factory, China), 
which is one of the newer benzimidazole, at twice the recommended dose 
rate (0.1-0.15 ml/kg body weight), since this drug has a wide margin of 
safety, and recommended dose rates are based on economical control of 
parasites on farms. However, several larval parasites might be resistant 
and the dosing was repeated after a month to kill any larval stages that 
have matured. 
For the control of the endemic diseases, all the animals were 
vaccinated against PPR, HS and sheep pox. The animals were keenly 
observed during the course of the experiment and any disease case was 
treated as soon as possible. Since tick infestation seemed to be a problem 
in these sheep, each animal was injected subcutaneously with Ivermectin 
(Dar Al Dawa Veterinary and Agricultural Industrial Co. Ltd., Jordan) at 
a dose rate of 1 ml per 50 kg body weight. 
 
2.4.3 Feeding System    
The experimental animals were pen-fed. The pen-feeding 
comprised roughage feeds and a concentrate mixture. The roughage feeds 
made up of grazing materials and crop residues. The grazing materials 
consisted of collected grasses of Aristida sp., Dactyloctenium aegyptium 
and Eragrostis tremula. Whereas the crop residues included mainly straw 
of sorghum and haulms of groundnuts. Much of the stout straw was left 
standing after the heads have been harvested and was gathered from the 
field when dry. Groundnut haulms were gathered at harvesting time when 
they were still reseasonably fresh and then sun cured. The concentrate 
mixture made up of 50% groundnut cake and 50% sorghum grains. The 
cake and grains were crushed separately and then mixed. 
 46
Roughage feeds were offered ad libitum to maintain condition, 
while the concentrate was offered at the rate of 0.5-0.9 kg/animal daily. 
Fresh water was offered twice a day. Mineral salt lick was made available 
in the pens. 
 
2.4.4 Detection of Oestrus 
 Two intact rams whose actual mating ability was hindered by 
applying a Kunan were used. Kunan is a local term meaning a double 
looped cord applied around the neck of the scrotum and the pendulous 
part of ram’s prepucial sheath to control mating (Mohammed et al., 
2000). Kunan method for contraception is well known in north and west 
Africa as well as Sudan, as a means for mating control (Wilson, 1991). 
A sire marking system made of dyes of different colours. The dyes 
first dissolved in water (water-soluble) and then added to liquid vaseline 
(liquefied by heating). The mixture was heated to evaporate the water 
content then cooled to room temperature. A small bag (size 10×20 cm) 
made of plastic sheet and fitted with belts made of nylon tapes to form an 
appropriate harness. The bag was filled with the dye mixed in a vaseline 
base at room temperature and then held in a refrigerator to have a hard 
consistency as possible (stable at room temperature). Thus, the system is 
ready to be used. 
Two kunanned rams were equipped with harnesses holding the 
marking system on the brisket each day from 17.00 to 10.00 hr, because 
ewes usually show signs of heat during the cold hours of the day. The two 
rams were introduced in turn to the ewes in the group pens. 
Consequently, each pen had a different ram every second day.  
Colours used for the marking system were red, green and yellow. 
Colours were changed every 14 days period which was sufficiently short 
to avoid a ewe being marked twice with one colour in two successive 
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oestrous periods. The ewes were inspected twice each day at 08.00 and 
18.00 hr and noting ewes marked since the previous inspection. Once a 
ewe was identified by marking as being in oestrus, she was removed from 
the group so that the ram could mark any other ewe in oestrus. 
 
2.4.5 Synchronization of Oestrus 
Oestrus was synchronized by two methods. The first method 
involved two intramuscular injections of an analogue of PGF2α 
(cloprostenol, 125µg) 9 days apart to destroy the corpus luteum. The 
second method involved oral administration of castor beans (8 gm) as a 
single dose to cyclic ewes. Oestrus was detected by the use of a 
Kunanned ram fitted with a ewe-marking harness. Obvious oestrous 
behaviour or any colour mark on the rump of a ewe was accepted as 
evidence of oestrus. Occurrence of oestrus was later on confirmed by P4 
radioimmunoassay. 
 
2.5 Sample Collection and Processing 
Blood samples were collected on day 0 of the oestrous cycle, and 
on each second day thereafter until day 16. Sampling was done each time 
at 08.00 hr. Blood samples (8 ml) were obtained from the jugular vein by  
vacutainer tubes with hypodermic needles (Becton Dickinson and 
Company, USA). Blood was allowed to clot then stored at 4˚C for 24 hr. 
Thereafter serum was removed, pipetted in sample containers 
(Eppendorf) and stored at -20˚C until was assayed. Two sera samples 
were made from each blood sample. Sample containers (Eppendorf) were 
labelled to show the day of the cycle, ewe number and treatment received 
(D/No. /T). 
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2.6 Progesterone Radioimmunoassay (RIA) 
This assay is based on the competition between unlabelled 
progesterone and a fixed quantity of 1251- labelled progesterone for a 
limited number of binding sites on progesterone specific antibody; 
allowing to react a fixed amount of tracer and antibody with different 
amounts of unlabelled ligand. The amount of tracer bound by the 
antibody will be inversely proportional to the concentration of unlabelled 
ligand. Upon addition of magnetizable immunosorbent the antigen-
antibody complex is bound on solid particles which are then separated by 
either magnetic sedimentation or centrifugation. Counting the 
radioactivity of solid phase enables a standard curve to be constructed and 
samples to be quantitated. 
 
2.6.1 Contents of P4 {1251} RIA KIT 
The kit contains the following reagents: 
1. 1 vial 1251-tracer, 11ml per vial, containing about 130 kBq 
progesterone -11-hemisuccinate-{1251} TME in buffer with 0.1% 
NaN3. 
2. 6 vial standards 1-6, S1 =1ml, S2-6 =0.5ml per vial, containing 0, 
1.5, 4, 12, 40, 120 n mol/l in serum with o.1% NaN3. 
3. 1 vial Antiserum, 11ml per vial, containing polyclonal anti-
progesterone (rabbit) 1gG in buffer with 0.1% NaN3. 
4. 1 vial control serum, 0.5ml human serum with 0.1% NaN3. 
5. 1 bottle magnetic immunosorbent (MIS), 55 ml per bottle, 
containing paramagnetic particles in buffer with 0.1% NaN3. 
Reconstitution of these reagents is not necessary; since they are 
ready to be used upon receipt (Institute of Isotopes Ltd., Budapest). 
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Materials and Equipment Required 
Round bottom polystyrene or polypropylene assay tubes (about 
12×75mm), plastic film to cover tubes, precision pipettes (50, 100 µl and 
500 µl), vortex mixer, magnetic separator (or alternatively, centrifuge), 
decanting racks, Gamma counter, orbital shaker and repeating pipettes. 
 
2.6.2 Assay Procedure 
1. All reagents were equilibrated to room temperature. 
2. Duplicate tubes were labelled for total counts (T), non-specific 
binding (NSB), zero standard (standard 1=Bo), standards (S2-6), 
control (C) and samples (Sx). 
3. All reagents and samples were mixed thoroughly before use. 
Excessive foaming was avoided.  
4. 50 µl each of standards, control and samples were pipetted into 
properly labelled tubes. 
5. 100 µl of tracer solution were pipetted into all tubes. 
6. 100 µl of antiserum were pipetted into all tubes except T and NSB. 
7. All tubes except T were thoroughly vortex mixed for 2-5 seconds. 
Since having an orbital shaker, all tubes were left in the rack 
holder, the holder was fixed onto the plate of the shaker and it was 
shaken gently for a few seconds. 
8. The tubes were incubated for 2 hours at room temperature (20-
28˚C). 
9. T tubes were placed on a separate tube rack. The bottle containing 
magnetic immunosorbent was gently shaken and swirled until 
homogeneity. 500 µl were added to each tube except T. Since using 
a single pipette, the bottle of MIS was swirled after every 15-20 
tubes. With the use of a repeating pipette (e.g. Eppendrof), there 
was no need for repeated homogenization of MIS reagent. 
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10.  All tubes were thoroughly vortex mixed and they were incubated 
for 15 minutes at room temperature. 
11. The bound fraction was separated by using the magnetic separator: 
The rack was attached on to the magnetic separator base and  
ensured that every tube was in contact with the base plate. The MIS 
particles were let to settle for 5 minutes. The rack was not removed 
from the separator base after the separation of the solid and liquid 
phases. The supernatant was poured off and discarded. The 
separator was kept inverted, and the tubes were placed on a pad of 
absorbent tissue and were allowed to drain for 2 minutes.  
12.  The radioactivity of all tubes was counted for a fixed time (one 
minute).  
13.  The concentrations were calculated as described under calculation 
of results. 
 
2.6.3 Calculation of Results 
The average counts per minute (CPM) for each pair of assay tubes 
were calculated. The percent Bo/T for zero standard (S1) was calculated 
by using the following equation: 
Bo/T%= 100(S1-NSB)/T 
The normalized percent binding for each standard, control and sample 
respectively was calculated by using the following equation: 
B/B0% =100 (S2-6; C; Sx-NSB) / (S1-NSB) 
B/B0% for each standard versus the corresponding concentration of P4 
was plotted using semi-logarithmic graph paper. The P4 concentration of 
the unknown samples was determined by interpolation from the standard 
curve, but in this study the results were calculated by using an appropriate 
computer program. 
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Conversion of S1 units can be performed according to the 
following formula: 
1 n mol/l =0.3145 ng/ml 
1 ng/ml   = 3.18 n mol/l 
The detection limit (minimal detectable dose) of this assay was 
0.001 ng/ml and intra-and inter-assay coefficients of variation were 12.61 
and 12.90%, respectively. 
 
2.7 Experimental Procedure  
Experiment 1:  
The aim of this experiment was to determine the length of the 
oestrous cycle and P4 profile during the cycle of Sudan Desert ewes 
(Hamari). Ten cyclic Hamari ewes were observed to have had one normal 
oestrous cycle before they were used. Then they were monitored 
throughout two natural oestrous cycles, using rams wearing kunans and 
were equipped with colour marking harnesses. Blood samples were 
collected from the jugular veins every other day, starting from day 0, 9 
samples from each ewe were collected for each of the two monitored 
cycles. Blood serum was removed and stored at -20˚C. Later on the P4 
concentrations were measured by the radioimmunoassay technique. 
Experiment 2:  
The aim of this experiment was to determine the luteolytic effect 
and the effective dose of castor beans. Thirty cyclic Hamari ewes were 
used. One normal oestrous cycle was observed for all the ewes before the 
start of the experiment. Twenty ewes were randomly assigned between 
two treatment groups. The groups formed were designated as A and B. 
The remaining 10 ewes were used as a control group (C). Ewes of the 
control group were allowed to cycle naturally. Oestrus was synchronized 
in the treatment groups with 2 injections of PGF2α (125µg), 9 days apart 
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(Hackett and Robertson, 1980). Day 0 was the third day after the second 
injection of PGF2α as indicated by the teaser rams. Two treatments of 
castor beans were administered orally on day 9 of the oestrous cycle, one 
treatment for each group. Group A received 2-4 gm (55-110 mg/kg bwt) 
(T1) and group B received 6-8 gm (165-220 mg/kg bwt) castor beans per 
ewe (T2). Whole seeds were drenched using 20 ml plastic tubes. 
The ewes were monitored after the treatment using the teaser rams 
to investigate their oestrus response. Blood samples from each ewe were 
taken every other day for a complete oestrous cycle (9 samples). Blood 
serum was removed and deep frozen. Concentrations of serum P4 were 
measured in these samples to determine the effect of the treatments on the 
luteal function. 
Experiment 3:  
The aim of this experiment was to investigate the location of the 
active ingredient in the castor bean. Ten ewes from the previous treatment 
groups were randomly assigned to 2 treatments after the elapse of 2 
natural oestrus cycles from the last treatment. The castor beans were 
decorticated using a scalpel with a sharp blade. The husks obtained from 
8 gm castor beans were fed to each of 5 ewes (T3) and the remaining 
decorticated seeds obtained from 8 gm castor beans were fed to each of 
the other 5 ewes (T4). The oestrous cycle was monitored using the treaser 
rams.  
Experiment 4:  
The aim of this experiment was to investigate the possibility of 
synchronization of oestrus by feeding castor beans. The remaining 10 
ewes from the previous treatment groups (T1 and T2) after the elapse of 
two natural heats from the last treatment were used in this experiment. 
Each ewe was fed 8 gm (220 mg/kg bwt) of castor beans as a single dose 
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irrespective of the stage of the cycle (T5). The oestrous cycle was 
monitored using the teaser rams. 
Experiment 5:  
The aim of this experiment was to compare the synchronizing 
potency of the castor beans with that of PGF2α in the Hamari ewes. 
Oestrus in the treatment groups of ewes was already synchronized with 
PGF2α or castor beans. Consequently, comparison was made utilizing the 
available data. 
Experiment 6:  
The aim of this experiment was to investigate the effects of castor 
beans’ treatment on subsequent fertility of treated ewes. All the ewes, 
which have been treated with castor beans in the above experiments, were 
monitored for oestrus detection. Moreover, fertility was assessed by 
noting pregnancy and lambing rates after natural matings. 
 
8. Statistical Analyses  
Group means, standard deviation (sd), standard error (se) and other 
measurements of variation between the treatment groups were calculated 
using the Statview package (Haycok et al., 1993). One way  ANOVA was 
used to determine the effect of feeding castor beans on the CL and also to 
determine whether differences between the two treatment groups existed 
or not. Chi square tests were applied to compare the potency of 
synchronizing agents (PGF2α versus castor beans) and to determine the 
effect of castor beans’ feeding on post-treatment fertility of the ewes. 
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CHAPTER THREE 
RESULTS 
  
3.1 Experiment 1:  
Oestrous cycle length in the Sudan Desert ewes (Hamari) was 
found to be between 15 and 18 days with an average of 16.5 ± 1.4 days. 
Duration of oestrus was observed to be about 25 hours (from morning to 
the next morning).  
P4 concentrations in cycle-1 and cycle-2 were similar and values on 
the corresponding days agreed with each other. Therefore, the values in 
the two cycles were averaged to get a mean of the two cycles (Table 1). 
The mean P4 concentration in the peripheral serum of the ewe was lowest 
on day 0 (0.11 ± 0.01 ng/ml), with a small increase occurring through day 
4 (0.35 ± 0.03 ng/ml). The P4 levels continued to increase from day 6 
(1.39 ± 0.07 ng/ml) to day 8 (1.62 ± 0.04 ng/ml). This was followed by a 
pronounced rise on day 10 (2.59 ± 0.04 ng/ml), with a peak value on day 
12 (2.63 ± 0.04 ng/ml). This high level was maintained for few days, 
before declining rapidly on day 14 (1.20 ± 0.09 ng/ml) to reach a low 
level on day 16 (0.29 ± 0.1 ng/ml) of the oestrous cycle. Considerable 
day-to-day variation of P4 concentration was noted, particularly during 
midluteal phase of the cycle. 
Fig. 1 shows P4 profile for cycle -1 and Fig. 2 shows P4 profile for 
cycle -2. The mean P4 profile for the two cycles is shown by Fig. 3. The 
shape of P4 profile was skewed to the left during the early part of the 
cycle, with a sharp decline towards the end. Hence, the profile could be 
divided into three parts: an initial sigmoid rise (day 0 through day 9); a 
plateau (day 10 through day 13); and a precipitous decline (day 14 
through day 16). 
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Table 1. Mean ± SD of P4 concentrations (ng/ml) in the peripheral serum 
of 10 ewes during the oestrous cycle. 
Day Cycle-1 Cycle-2 Mean of the 
two cycles 
SD 
0 0.10 0.12 0.11 0.01 
2 0.28 0.25 0.27 0.02 
4 0.34 0.37 0.35 0.03 
6 1.35 1.45 1.39 0.07 
8 1.66 1.57 1.62 0.04 
10 2.61 2.56 2.59 0.04 
12 2.66 2.60 2.63 0.04 
14 1.16 1.25 1.20 0.09 
16 0.37 0.22 0.29 0.10 
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Fig. 1: P4 profile of 10 ewes during the oestrous cycle-1. 
Each point is the mean of 10 observations;  
 Standard deviations are indicated by the vertical lines. 
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Fig. 2: P4 profile of 10 ewes during the oestrous cycle-2. 
Each point is the mean of 10 observations;  
 Standard deviations are indicated by the vertical lines. 
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Fig. 3:  Mean P4 profile of the two oestrous cycles of 10 ewes. 
             Standard deviations are indicated by the vertical lines.
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3.2 Experiment 2:  
T1 (2-4 gm) of castor beans induced luteolysis in 8 out of 10 treated 
ewes, 72 hours after the treatment as manifested by induction of oestrous 
signs detected by the teaser rams and confirmed by a sharp drop in P4 
concentration on day 12 (0.63 ng/ml) compared to 2.63 ng/ml in the 
control group. The remaining two ewes, however, were not affected by 
the treatment and P4 levels assumed normal cyclic pattern similar to that 
of the control group. The results of this experiment showed that 8 out of 
10 ewes fed castor beans exhibited oestrous signs compared to the control 
group(P < 0.001) . 
Fig. 4 shows P4 profile of T1. P4 profile of the treatment group 
coincided with that of the control group until day 10 of the cycle, whereas 
treatment was experienced on day 9, luteolysis occurred on day 12 as 
evident by a sharp drop of P4 profile. Thereafter the treatment P4 profile 
assumed a reverse trend to that of the control through day 16 of the cycle 
(starting an ensuing cycle). 
T2 (6-8 gm) of castor beans induced luteolysis in all of the treated 
ewes (n=10), after 72 hours of the treatment as evident by colour marks 
on rumps of the ewes and confirmed by a sharp drop in P4 concentration 
on day 12 (0.06 versus 2.63 ng/ml) of the cycle. One way ANOVA 
showed highly significant difference (P<0.001) between the treatment 
and control groups. 
Fig. 5 demonstrates P4 profile of T2. P4 profile of the treatment 
group corresponded with that of the control group until day 10 of the 
cycle, whereas treatment was experienced on day 9, luteolysis 
encountered on day 12 as shown by a sharp drop of the profile. Thereafter 
the treatment P4 profile assumed a reversed trend to that of the control 
through day 16 of the cycle (starting an ensuing cycle). 
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Fig. 4: P4 Profile of 8 cyclic ewes fed 2-4 gm castor beans (T1). 
  The arrow indicates the time of feeding castor beans.
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Fig. 5: P4 Profile of 10 cyclic ewes fed 6-8 gm castor beans (T2). 
  The arrow indicates the time of feeding castor beans.
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3.3 Experiment 3:  
Table 2 shows the effect of castor bean husks (T3) or decorticated 
beans (T4) on cyclic Hamari ewes. Apparent oestrus was induced after 72 
hr in three out of five ewes, which were drenched with castor bean husks, 
whereas a teaser ram did not detect oestrus in any of the ewes (n=5) 
which were fed the decorticated beans within the following five days of 
the treatment. However, this finding needs to be confirmed, owing to the 
small number of animals in each treatment. 
3.4 Experiment 4:  
When 8 gm castor beans were given as a single dose to cyclic 
Hamari ewes (T5), eight out of ten ewes responded with oestrus occurring 
48 to 72 hours after the treatment as detected by the teaser rams.  
3.5 Experiment 5: 
Fig. 6 shows a comparison of synchronizing potency between the 
castor beans and PGF2α. This comparison revealed no significant 
difference (P>0.05) between the two synchronizing agents, since eighty 
percent  of both treatment groups showed oestrous signs as detected by 
the teaser rams.  
3.6 Experiment 6:  
Table 3 shows the reproductive performance of the experimental ewes. 
The pregnancy rate (95 %) and the lambing rate (111 %) of the castor 
beans fed ewes were comparable (P > 0.02) to that of the control group. 
The overall gestation length of the experimental ewes ranged from 147 to 
154 days with an average of 151.2 ± 1.8 days. 
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Table 2. Effects of feeding castor bean husks or decorticated beans on 
cyclic ewes. 
 
 
N = 5 for each treatment. 
+ ve indicates positive oestrus response. 
- ve indicates negative oestrus response.   
Oestrus response 
 
Treatment  
+ ve - ve 
Bean husks  
Decorticated seeds 
3 
0 
2 
5 
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Table 3. Reproductive performance of the ewes fed castor beans. 
 
Variable Control T1 T2 Total 
(T1+T2) 
No. of ewes 10 10 10 20 
Oestrus observed 10 6 9 15 
Oestrus not observed 0 4 1 5 
1st service conception 10 7 8 15 
2nd service conception 0 2 2 4 
Single lamping 10 8 9 17 
Twin lambing 0 1 1 2 
Conception rate % 100 90 100 95 
Lambing rate % 100 111 110 111 
Twining rate % 0 11 10 11 
Lambing percentage 100 100 110 105 
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Fig. 6: Synchronization of oestrus with PGF2α or by feeding castor 
beans. 
+ ve indicates positive oestrus response. 
 - ve indicates negative oestrus response. 
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CHAPTER FOUR 
DISCUSSION 
 
The average length of the oestrous cycle and heat duration found in 
this study agree with previous information on Sudan Desert sheep 
(Suleiman and Eissawi, 1984). 
The mean serum P4 concentrations obtained from every second day 
blood samples throughout the oestrous cycle of the ewes studied are in 
agreement with other reports (Obst and Seamark, 1970; McNatty et al., 
1973), but are lower than the concentrations recorded by Plotka and Erb 
(1967) and Smith and Robinson (1969). Some of the differences may be 
attributed to the techniques of assay. It is possible, however, that the 
environmental conditions of the experiment may have affected the P4 
secretion. The extremely low values for serum P4 in the ewe at about the 
time of oestrus (days 0-3 and 16) are consistent with a very low adrenal 
secretion of P4 and with the extremely low ovarian secretion rates of the 
P4 (Thorburn et al., 1969).  
The lowest level of P4 reported on day 0 in the present study agrees 
with the findings of Thorburn et al. (1969), who reported extremely low 
P4 concentration (0.1 ng/ ml) on the day of oestrus, but disagrees with the 
findings of Stabenfeldt et al. (1969), who reported the lowest P4 
concentration (0.1 ng/ml) on day 2 of the cycle. This discrepancy could 
be due to the variation in the cycle length. The low levels of P4 observed 
in this study through day 3 are in good agreement with the pervious 
studies (Stabenfeldt et al., 1969; Thorburn et al., 1969; McNatty et al., 
1973).  
The increase in the peripheral levels during days 4-9 is similar to 
the results of Short (1964), who demonstrated an increase in the P4 
concentration of the ovarian vein plasma on day 4 of the cycle. In this 
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study, the peak concentration of the P4  was reached on day 12 in contrast 
to that reported on day 15 by Stabenfeldt et al. (1969). The significance 
of the present finding is certain, since P4  levels reached peak luteal values 
sooner in ewes with 16-day cycles as compared to ewes with 17-day 
cycles (Stabenfldt et al., 1969) 
Considerable variation was observed as to the time and duration of 
P4   decline. The P4 concentration, maintained through day 16, dropped 
sharply on day 17 (17-day cycle) and was followed the next day by 
oestrus (Stabenfeldt et al., 1969). Furthermore, these authors reported that 
oestrus did not occur in the ewe until the P4  levels declined to less than 
1.0 ng/ml. The abrupt decline in the P4 concentration observed at day 16 
by Deane et al. (1966) was correlated with gross anatomical changes as 
well as with histological signs of degeneration. Biochemical studies by 
Dingle et al. (1968) demonstrated that lysosome fragility increased 
significantly on the last day of a 16-day cycle. There is good agreement 
between steroidogenic function and cytological and biochemical changes 
in sheep CL, particularly with regard to luteal regression. 
Cytological evidence of the CL regression was obtained as early as 
day 13 and was marked on day 15 (Deane et al., 1966). The present study 
demonstrated that a decline in the concentration of P4 in the peripheral 
serum was apparent on day 14, suggesting that decreased secretory 
activity of the CL had started as early as on day 13. 
Stabenfeldt et al. (1969) reported that the basic progesterone curve 
in the ewe can be divided into three parts: 1. an initial sigmoid rise (CL 
formation and growth and early secretion of progestetrone); 2. a plateau 
(maximal CL growth and progesterone secretion); and 3. a precipitous 
decline (regression of CL and decline in progesterone secretion). The P4 
profile in this study is typical to the basic P4 curve described by 
Stabenfeldt et al. (1969). Thus, the P4 profile during the oestrous cycle of 
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the Hamari ewe follows the general trend of the P4 profile of cyclic ewes 
shown in previous studies in other breeds of sheep (Thorburn et al., 1969; 
McNatty et al., 1973).  
The observation that feeding castor beans is luteolytic agrees with 
Elnaiem (2003) and Elshiekh et al. (2004), who reported that castor beans 
have a luteolytic effect on the corpus luteum of goats. However, the 
period between the treatment and the onset of the luteal regression, as 
indicated by a sharp drop in the P4 level, was longer (72 hr) as compared 
with that (48 hr) observed by Elnaiem (2003) and Elsheikh et al. (2004). 
This discrepancy could be attributed to species variation. At present, 
probably the best estimate of the onset of luteolysis is obtained from the 
initial decrease in P4 concentration in the peripheral serum in relation to 
the onset of oestrus. 
The present study is the first report describing the luteolytic effect 
of castor beans on the CL of cyclic ewes. This study provided a clear 
evidence of a luteolytic action induced by feeding castor beans. This 
action was evident by the manifestations of oestrus and the interruption of 
P4 profile during the oestrous cycle of ewes fed castor beans on day 9 of 
the cycle. The chemical composition of the castor bean is mainly fatty 
acids and proteins (Maiti et al., 1988). These fatty acids are ricinoleic, 
linoleic, oleic, stearic, palmitic, dihydroxy stearic, eicosanoic, and 
linolenic acids. Most of these fatty acids are involved in the process of 
biosynthesis of prostaglandins (Goldyne, 1983). 
Accordingly, three possible pathways for the luteolysis induced by 
castor beans are suggested by Elsheikh et al. (2004). These pathways may 
act individually or collectively to induce the drastic luteolysis observed in 
this study. The first possible pathway is a luteolysis induced by the lipid 
component of the castor bean. The ricinoleic (89.5%), linoleic (4.2%) and 
eicosanoic (0.3%) acids constitute the core of a luteolytic complex.  The 
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abundant reserves of free linoleic acid in the castor beans will lead to 
biosynthesis of arachidonic acid and thus the formation of PGF2α which 
leads to luteolysis of corpus luteum. However, the time that biosynthesis 
of PGF2α takes in sheep remains to be known. The second pathway of 
luteolysis induced by the castor beans is through the action of ricin. Ricin 
may act in either of two ways: the first is by inducing stress on the 
hypothalamic centres that regulate GnRH and LH release. Acute stressors 
are known to interrupt occurrence of normal GnRH-LH surges during the 
follicular phase in ewes (Dobson et al., 2003). Also stressors reduced the 
response of pituitary gland to GnRH which was revealed by a reduction 
in LH level (Phagat et al., 1999). Castor beans’ feeding is known to 
reduce LH level in rabbits (AbdAlla, 2000). Accordingly it is expected 
that castor beans’ feeding induces stress that leads to a reduction in LH 
level and luteolysis of the corpus luteum.  
The bean of the castor plant contains 2.8-3.0 % toxic substances 
(Balint, 1974). The principal toxin is the albumin, ricin. Ricin has an 
immediate inhibition of protein synthesis in the intoxicated animal 
(OLsnes et al., 1974; Muldon and Stohs, 1994). Recently, Lord and 
Roberts (1996) have explained the toxic action of ricin as they stated that 
the B-subunit of ricin molecule binds galactose containing proteins of cell 
surface aiding the entrance of the toxin A-subunit. Furthermore, these 
authors reported that mammalian cells in particular possess numerous 
glycoproteins and glycolipids with galactose residues. However, there is a 
wide variation in the lethal toxicity of ricin among various domestic and 
laboratory animals (Balint, 1974). The second pathway of ricin action, is 
directly on the pituitary gland and corpus luteum. The damage in the 
corpus luteum caused by ricin is expected to be through its direct action 
on luteal cells or its action on the pituitary gland that impairs LH 
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production. However, this effect is unlikely to occur herein because the 
dose used was far below the lethal dose. 
The third possible luteolytic pathway is that the castor beans 
contain other luteolytic agents, a possible candidate of which is PGF2α. 
This is thought because feeding the castor beans induced a rapid 
luteolysis. The observation that feeding castor bean husks induced 
luteolysis of the CL suggests that the bean husk contains luteolytic 
agents, which may act alone or combined with other seed components to 
induce luteolysis of the CL. 
Feeding castor beans has been found effective to synchronize 
oestrus in ewes. The level of synchronization produced by feeding castor 
beans was similar to that obtained for the 9-day PGF2α regime used in 
this study. Moreover, the level of synchronization in both groups can be 
compared with that obtained with the use of PGF2α (Beck et al., 1996) 
and progesterone pessaries (Das et al., 2000) in other studies. Hence, the 
synchronizing potency of castor beans could be compared favourably 
with that of PGF2α in sheep. 
Average gestation length is within the range found for some 
European and tropical sheep breeds (Owen, 1971). The average value is 
comparable to those of about 153 days obtained in previous studies by 
Suleiman et al. (1978) and by Suleiman and Eissawi (1984) for other 
Sudanese Desert Sheep. 
The lambing rate found in this study is considered low in contrast 
to that found by Wilson (1976), Suleiman et al. (1978) and Suleiman and 
Eissawi (1984) for other group of Sudanese Desert sheep which ranged 
from about 119 to 146%. The difference is most likely due to 
management and nutrition regime since genetic variations are not 
expected to be so wide within the Sudan Desert sheep ectotypes. 
Furthermore, several authors (Forrest and Bichard, 1974; Dickerson and 
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Glimp, 1975; Suleiman et al., 1978) have shown that ewe age influenced 
lambing efficiency. Since the experimental ewes were rather young 
(having only 2 pairs of permanent incisors), this also might be a 
contributory factor in the low lambing efficiency obtained in this study. 
On the other hand, the conception and lambing rates for both treatment 
groups compared favourably with those of the control group. Hence, 
castor beans’ feeding at the designated levels has no effect on post-
treatment fertility of the Hamari ewes.   
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Summary, Conclusions and Recommendations 
 
 A. Summary 
Length of oestrous cycle in the Hamari ewes was 16.5 ± 1.4 days 
on average with a duration of oestrus of about 25hours. Mean 
progesterone concentration in the peripheral serum of the ewes was 
lowest on day 0 (0.11 ± 0.01 ng/ml), with a small increase occurring 
through day 4 (0.35 ± 0.03 ng/ml). Progesterone levels continued to 
increase from day 6 (1.39 ± 0.07  ng/ml) to day 8 (1.62 ± 0.04ng/ml). 
Then a pronounced rise on day 10 (2.59 ± 0.04 ng/ml), with a peak value 
on day 12 (2.63 ± 0.04 ng/ml). This high level was maintained for few 
days, before declining rapidly on day 14 (1.20 ± 0.09 ng/ml) to reach a 
basal level on day 16(0.29 ± 0.1 ng/ml) of the cycle. This pattern was 
similar in all cycles examined. Levels of serum P4 at oestrus ranged from 
0.1 to 0.4 ng/ml and luteal phase levels from 2 to 3 ng/ml. Furthermore, 
shape of P4 profile could be divided into: an initial sigmoid rise, a plateau 
and a precipitous decline. 
Both castor beans treatments (1 and 2) induced luteolysis 72 hours 
after the treatment, with highly significant difference (P<0.001) in 
progesterone concentrations between the control and each treatment 
group. P4 profile of each treatment group corresponded with that of the 
control group until day 10 of the cycle. Whereas when the treatment was 
applied on day 9, luteolysis occurred on day 12 as evident by a sharp drop 
of the profile. Thereafter the treatment profile assumed a reversed trend to 
that of the control through day 16 of the cycle. The ewes in the treatment 
groups showed shorter cycles (P<0.001) than those in the control group, 
indicating that castor beans treatment causes premature luteal regression. 
Three out of five ewes drenched with castor bean husks showed 
apparent oestrus 72 hours after treatment, whereas a teaser ram did not 
 73
detect oestrus in any of the ewes (n=5) which were drenched with the 
decorticated beans. However, this finding needs to be confirmed, owing 
to the small number of animals in each treatment. 
When 8 gm/head castor beans were given as a single meal to cyclic 
Hamari ewes, eight out of ten ewes responded with oestrus occurring 
after 48 to 72 hours. Level of synchronization produced by this treatment 
was similar (P>0.05) to that obtained for the 9-day PGF2α regime. This 
result provides evidence, therefore, that castor beans can synchronize 
oestrus in the Hamari ewes. 
Average gestation length of the experimental ewes was found to be 
151.2 ± 1.8 days. Subsequent fertility of the ewes in the treatment groups 
was comparable (P>0.05) to that of the control group. This finding 
indicates that castor beans treatment at the designated levels, can 
synchronize oestrus without decreasing fertility of the treated ewes. 
 
 B. Conclusions 
In conclusion, the present study reveals that the length of the 
oestrus cycle in the Sudan Desert ewes (Hamari) is 16.5±1.4 days on 
average, with a duration of oestrus of about 25 hr. The P4 profile during 
the oestrus cycle follows the general trend of P4 profile of cyclic ewes 
shown in previous studies in other breeds of sheep. Feeding castor beans 
to cyclic ewes results in a functional luteolysis, similar to that caused by 
PGF2α. The minimal luteolytic dose of castor beans is in the region of 2-4 
gm/ewe, whereas 8 gm/ewe are the most effective dose in 
synchronization of oestrus in the ewe. Furthermore, castor beans can 
synchronize oestrus without decreasing fertility. However, little is known 
concerning the mechanism by which castor beans induce luteolysis. 
Nevertheless, the presented method could be used as an alternative for 
effective synchronization of oestrus in the ewe.         
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 C. Recommendations 
1. The greater the number of experimental animals, the better is the 
definition of the cyclic pattern of P4 in sheep. 
2. A large number of ewes must be used for detailed investigations of 
location of the effective ingredient in the castor bean. 
3. Studies are needed to resolve questions concerning the mechanism 
by which castor beans cause luteolysis, since a better understanding 
of the corpus luteum regression process following castor beans’ 
feeding is essential. 
4. Castor beans must not be fed to corpus luteum dependent pregnant 
animals. 
5. The adverse effects, if any, of synchronization of oestrus by 
feeding castor beans, remain to be elucidated.   
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